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A NEW SYNTHESIS OF 4-HYDROXYCOUMARINS 


By Nity ANAND AND K. VENKATARAMAN, F.A.SC. 
(Department of Chemical Technology, University of Bombay) 


Received July 29, 1948 


RODERICK! AND SCHOFIELD? noticed a hemorrhagic disease in cattle and 
showed that it was due to badly cured hay made from sweet clover. 
Campbell and Link® isolated this anticoagulant factor from spoiled sweet 
clover hay, and determined its structure to be 3: 3’-methylene-bis-4-hydroxy- 
coumarin (II) by alkaline degradation and cleavage with phenylhydrazine. 
The constitution has been confirmed by its synthesis from 4-hydroxy- 
coumarin (1) and formaldehyde.‘ In view of the anticoagulant properties of 
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3-substituted-4-hydroxycoumarins,® methods for the synthesis of 4-hydroxy- 
coumarins (I) have assumed importance. 


Three general methods for the synthesis of 4-hydroxy-coumarins have 
so far been described: (1) O-Acetoxybenzoyl chlorides are condensed with 
malonic ester, cyanacetic ester or acetoacctic ester in presence of sodium, 
when the corresponding 3-substituted-4-hydroxycoumarins are formed, which 
are then hydrolysed to 4-hydroxycoumarins.® (2) Cyanacetic ester is Con- 
densed with phenols’ according to the method of Hoesch, which is limited 
to the use of m-dihydric phenols. In some cases, the hydrolysis of the 
intermediate ketimine hydrochloride is difficult. (3) The cyclisation of 
the O-acetyl derivative of an ester of salicylic acid by means of sodium at 
high temperature® gives low yields of 4-hydroxycoumarins. 


Earlier work carried out by one of us and others on the transformation 
of o-benzoyloxyacetophenones to dibenzoylmethanes by means of sodamide,® 
potassium carbonate’ or sodium in toluene," indicate that an application 
of this reaction to the O-carbethoxy-derivatives of o-hydroxyacetophenones 
might lead to a new general method for the synthesis of 4-hydroxycoumarins. 
We have now examined the scope of this reaction by model experiments on 
the behaviour of the O-carbethoxy derivative (IV) of the reaaily available: 
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2-acetyl-l-naphthol (III) towards sodamide,® anhydrous potassium carbo- 
nate,’ metallic sodium and sodium ethoxide'! in appropriate solvents. 
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When the ester (IV) was treated with potassium carbonate in toluene, 
4-hydroxynaphthocoumarin (V) was obtained in an optimum yield of 45 
per cent., but the reaction did not proceed solely in the desired direction. 


The preparation of the ester ([V), which proved difficult initially due 
to its instability resulting in hydrolysis to (III), had to be carried out under 
closely defined conditions. When ethyl chlorocarbonate was added to (III) 
in pyridine solution in the cold, an instantaneous reaction took place, and 
by working up the product immediately a quantitative yield of (IV) was 
obtained. Treatment of ([V) with potassium carbonate in toluene gave a 
mixture of products (A) and (B), which could be easily separated either by 
taking advantage of the insolubility of (A) and of the ready solubility of 
(B) in chloroform, or by extracting with sodium bicarbonate solution in 
which (A) alone was soluble. The product (A) when obtained in this manner 
was almost pure, while (B) could only be purified by chromatographic 
adsorption or by crystallisation from acetic acid. Comparatively lower 


yields of the products (A) and (B) were obtained when the transformation 
was catried out with metallic sodium in toluene. 


The product (A) crystallised from alcohol or dioxane in small, colour- 
less needles, m.p. 279-80° (decomp.). 4-Hydroxy-naphthocoumarin (V) 
has been prepared by Anschutz’* by the condensation of 1-hydroxy-2- 
naphthoy! chloride with sodio-malonic ester, followed by hydrolysis of the 
3-carbethoxy-4-hydroxynaphthocoumarin. He has described this as greyish 
white crystals, m.p. 256-8°. On repeating Anschutz’s work we obtained 
the intermediate 3-carbethoxy-aerivative as yellow needles, m.p. 179° 
(Anschutz, m.p. 179°). This on hydrolysis gave 4-hydroxynaphthocoumarin 
as colourless needles, m.p. 279-80°, identical with (A) in all respects. A 
similar discrepancy in the melting point has been noticed in the case of 
3.: 3‘-methylene-bis-4-hydroxycoumarin (II), which was first synthesised by 
Anschutz, who gave the m.p. 260°, and later by Stahmann, et al. who gave 
the m.p. 288-89°; natural dicoumarin has m.p. 288-89°. 
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When the intramolecular condensation of the ester (IV) was carried 
out with sodamide in ether, substance (B) and acetonaphthol (III) were the 
only products isolated. In a few of the experiments while the product after 
the sodamide reaction was being worked up, it turned violet on exposure 
to air; and from the miature a small quantity of (B), (III) and a violet 
compound (C) could be isolated by chromatography. The exact conditions 
for this transformation could however not be ascertained. The condensa- 
tion of the ester with sodium methoxide in ether gave a 5 per cent. yield of 
product (B), the rest of the ester being hydrolysed to (IIT). When sodium 
ethoxide in alcohol was used, the ester merely underwent hydrolysis to (III). 


While this work was in progress Boyd and Robertson’* described a 
one-step synthesis of 4-hydroxycoumarins in excellent yields from o-hydroxy- 
acetophenones by treatment with ethyl carbonate in presence of metallic 
sodium. By carrying out the same reaction on (III), a nearly quantitative yield 
of 4-hydroxynaphthocoumarin (V) could be obtained. For the preparation 
of 4-hydroxycoumarins, Boyd and Robertson’s method is therefore superior 
to our method via the carbethoxy derivatives of o-hydroxyacetophenones. 


4-Hydroxynaphthocoumarin (V) dissolves in sodium bicarbonate solu- 
tion with effervescence, and on acidification the hydroxycoumarin is precipi- 
tated unchanged. It could be titrated with alkalis using phenolphthalein 
as indicator. After boiling for 2 to 3 hours with 10 per cent. aqueous or 
alcoholic alkali, 4-hydroxynaphthocoumarin could be recovered unchanged 
by acidification. On fusion with caustic potash, it gave a quantitative yield 
of 1-hydroxy-2-naphthoic acid. It remained unaffected by treatment with 
cold concentrated sulphuric acid. When heated above its melting point, 
a mixture of products was obtained, from which 1-acetyl-2-naphthol (III) 
and an unidentified product (D), m.p. 306-7°, were isolated by chromato- 
graphy. The hydroxycoumarin (V) gave an acetyl derivative (VI) by long 
boiling with acetic anhydride, and a methyl ether (VII) by treating its solu- 
tion in acetone with excess of diazomethane in ether. Coupled with diazo- 
tised p-nitraniline in aqueous alkaline solution or in alcohol in presence of 
sodium acetate, (V) gave a yellowish orange dye, 3-p-nitrobenzeneazo-4- 
hydroxynaphthocoumarin (VIII). Huebner and Link’ have shown that 
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4-hydroxycoumarin (I) couples with diazonium salts to give 3-azoderivatives. 
On treatment of a hot alcoholic solution of (V) with excess of formaldehyde 
3: 3’-methylene-bis-4-hydroxy-naphthocoumarin (IX) was obtained. 4- 
Hydroxynaphthocoumarin (V) could not be converted into product (B) by 
treatment with potassium carbonate in toluene. 
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The product (B) crystallised from acetone or acetic acid as greenish 
yellow, thin elongated plates, m.p. 244-5°. It was phenolic in character 
and gave a light olive colouration with ferric chloride. It gave a p-nitro- 
benzoate, and an acetate on treatment with acetic anhydride and a drop of 
pyridine or with acetic acid in presence of hydrochloric acid. It did not 
form a dinitrophenylhydrazone under the usual conditions. Its yellowish 
orange alcoholic alkaline solution turned deep red on standing in the cold, 
and a deep violet compound was isolated by acidification, identical with the 
product (C) obtained earlier. Treatment with hot alcoholic alkali com- 
pletely decomposed (B). Fusion of (B) with potassium hydroxide yielded 
1-hydroxy-2-naphthoic acid, and a small quantity of a reddish-violet phenolic 
compound. A deep red dye was obtained by coupling (B) with diazotised 
aniline, and a yellow crystalline product (E), m.p. 345—50°, was obtained on 
treatment of product (B) with cold concentrated sulphuric acid. Attempts 
to convert (B) into (II1) were unsuccessful. The analytical data for (B) and 
its derivatives correspond with the molecular formula C,;H;g0,. The 
constitution of this compound will be discussed in a later communication. 


EXPERIMENTAL 


O-Carbethoxy-2-acetyl-\-naphthol (IV) 


To a cooled solution of 2-acetyl-1-naphthol (10 g.) in pyridine (30c.c.) 
ethyl chlorocarbonate (15 c.c.) was added drop by drop with shaking, when 
an instantaneous reaction took place. The reaction mixture was immediately 
stirred into crushed ice and hydrochloric acid. The precipitate crystallized 
from alcohol in thin colourless flakes (11 g.), m.p. 76° (Found: C, 70:1; 
H, 5:7. CysHi4O, requires C, 69°8; 5-4%). 
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4-Hydroxynaphthocoumarin (V) and product (B) 


(i) The compound (IV) (2g.), toluene (20c.c.) and freshly ignited 
potassium carbonate (6 g.) were refluxed under stirring for 12 hours. The 
potassium salt was filtered from the deep violet coloured toluene solution 
which on treatment with norit for a long time gave some unconverted (IV). 
The greyish green potassium salt was decomposed with dilute acetic acid, 
filtered and treated thrice with hot chloroform, when a part went into solution. 
The residue (0-8 g.) which was 4-hydroxynaphthocoumarin (V) crystallised 
from alcohol or dioxane in small colourless needles, m.p. 279-80° (Found: 
C, 73:1; H, 4:0; M.W. by titration, 225. C,3H,O; requires C, 73-5; 
H, 3-:9%; M.W. 212). 


The chloroform extract on concentration and chromatography gave 
product (B), which crystallised from acetic acid in greenish yellow long thin 
plates (0-2 g.), m.p. 244-45° (Found: C, 78:5; H, 4°3. C,;HigO, requires 
C, 78-9; H, 4-2%). 


The separation of 4-hydroxynaphthocoumarin (V) and. product (B) 
could also be very readily effected by macerating the product, obtained after 
decomposing the potassium salt, with acetic acid, with sodium bicarbonate 
solution, when (V) could be obtained from the soluble part by acidification, 
while (B) was obtained as the residue. 


(ii) 3-Carbethoxy-4-hydroxynaphthocoumarin, obtained by treating 1- 
acetoxy-2-naphthoyl chloride in benzene with sodio-malonic ester in benzene 
for 8 hours at room temperature and for two hours on the water-bath, 
crystallised from alcohol in yellow needles, m.p. 179° (Anschutz, m.p. 179°). 
It gave a red colour with ferric chloride and was soluble in aqueous sodium 
bicarbonate. 4-Hydroxynaphthocoumarin (V) was obtained by hydrolysis 
of the 3-carbethoxy derivative by refluxing with excess of 1-5 per cent. 
potassium hydroxide solution for 12 hours, as colourless needles from alcohol, 
m.p. 279-80° (Anschutz, greyish white needles, m.p. 256-8°), identical with 
the product obtained by the action of potassium carbonate on (IV). 


(iii) 2-Acetyl-l-naphthol (II) (1-5)g.), ethyl carbonate (40c.c.) and 
metallic sodium (2°5 g.) were heated on the water-bath for 30 minutes, excess 
of sodium destroyed by means of methyl alcohol, the sodium salt dissolved 
in water, acidified, and the light cream coloured precipitate filtered, (1-4 g.). 
It crystallised from alcohol in thin colourless needles, m.p. 279-80°, identical 
with 4-hydroxynaphthocoumarin (V). 


4-Hydroxynaphthocoumarin (V) gives a light orange colour with ferric 
chloride. It is very sparingly soluble in chloroform, benzene or toluene. 
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It dissolves in concentrated sulphuric acid with a brownish orange colour, 
having a light green fluorescence. 


Decarboxylation of 4-hydroxynaphthocoumarin: 


When (V) (0-2 g.) was heated at 285° for two minutes, it melted with 
the evolution of carbon dioxide. The brownish red melt was taken up in 
chloroform, and the chloroform solution chromatographed through alumina, 
when it separated into two definite bands. The lesser absorbed yellow band 
on elution with chloroform gave a phenolic product, which crystallised from 
alcohol in yellow needles, m.p. 98°, and was identified by mixed m.p. to be 
2-acetyl-l-naphthol (III). The column of alumina containing the second 
band on treatment with hot alcohol gave a non-phenolic product, which 
crystallised from alcohol in small yellow plates, m.p. 306-7° (with darkening 
in colour) Product (D). It was too little to be worked up further. 


Fusion of (V) with potassium hydroxide 


Potassium hydroxide (2 g.) and water (0-5 c.c.) were heated in a nickel 


crucible till a clear solution was obtained, and (V) (0:5g.) added. The 
substance began to go into solution at 240° and gave a clear yellow solution 
at 280°, at which temperature it was maintained for 15 minutes. On cooiing, 
the yellow product was dissolved in water (20 c.c.) and carbon dioxide passed 
through the solution till it was no longer alkaline to phenolphthalein. A 
light brown shining crystalline precipitate separated, which was filtered 
(0-4 g.) and proved to be a potassium salt. It was dissolved in the minimum 
quantity of alcohol and precipitated with dilute hydrochloric acid. Crystal- 
lised from alcohol, it had m.p. 190-91°, and was identified as 1-hydroxy-2- 
naphthoic acid. The filtrate, after the separation of the potassium salt, 
on acidification and ether extraction, yielded a small quantity of a phenolic 
light brown crystalline substance, m.p. 89-93°; the alcoholic solution gave 
a green colour with ferric chloride. 


4-Acetoxynaphthocoumarin (V1), obtained by refluxing (V) with acetic 
anhydride for 2 hours, crystallised from benzene in light yellow shining 
plates, m.p. 134-35° (Found: C, 70-4; H, 3-9; Acetyl 17-1. C,,H,,O, 
requires C, 70-8; H, 3-9; Acetyl 16-9%). It is insoluble in cold sodium 
bicarbonate solution, but can be readily hydrolysed by warming with alkalis, 
or even by hot water or alcohol to the parent 4-hydroxynaphthocoumarin. 


4-Methoxynaphthocoumarin (VII), obtained by treating a solution of 
(V) (0:2 g.) in dry acetone (20 c.c.) with diazomethane in ether, crystallised 
from alcohol in thin colourless needles, m.p. 218° (Found: C, 74-4; H, 4-6. 
C;4H»O, requires C, 74:3; O, 4°4%). 
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3-p-Nitrobenzeneazo-4-hydroxynaphthocoumarin (VIII) 


A diazotised solution from p-nitraniline (0-3 g.) was added to a solution 
of (V) (0:2 g.) in sodium hydroxide, and the mixture stirred for one hour, 
keeping the coupling bath alkaline throughout. The dye, obtained by 
acidifying the wine-red solution, crystallised from nitrobenzene in yellowish 
orange needles or from acetic acid in small red shining plates, m.p. 318° 
(Found: N, 11:5. CygHisO;N, requires N, 11:6%). The same dye was 
also obtained when the coupling. was done in alcohol in presence of sodium 
acetate. 


3: 3'-Methylene-bis-4-hydroxynaphthocoumarin (IX) 


To a hot solution of (V) (0-15 g.) in alcohol (4c.c.), formaldehyde 
(40 per cent.; 1c.c.) was added, and the mixture heated when a white 
crystalline precipitate separated immediately. It was filtered while hot and 
crystallised from trichlorobenzene in fine thin needles (0-14 g.) melting with 
decomposition above 300° (Found: C, 73:7; H, 4:0. Cy,HigO,¢ requires 
C, 74:3; H,3-7%). The substance is insoluble in benzene, toluene, dioxane 
and chloroform. 


Transformation of (IV) with sodamide 


The ester (IV) (2 g.), ether (10 c.c.) and powdered sodamide (2 g.) were 
shaken at room temperature for 8 hours, and allowed to stand overnight. 
The yellowish orange coloured solid that separated was filtered and stirred 
into acetic acid, and the dirty green sticky product thus obtained, solidified 
after keeping in the refrigerator. It was taken up in hot acetone (norit) and 
cooled, and the crystalline product that separated was recrystallised from 
acetic acid. The greenish yellow plates (0-4 g.), m.p. 244-5°, were identical 
with product (B). The acetone filtrate on evaporation gave 2-acetyl-1- 
naphthol (III). 


Product (B) is very sparingly soluble in alcohol. It gives light olive 
colour with ferric chloride. It is insoluble in cold sodium carbonate solu- 
tion and sparingly soluble in cold sodium hydroxide solution, but very soluble 
in alcoholic alkali giving a reddish yellow solution. It dissolves in con- 
centrated sulphuric acid giving a deep red solution, which when poured over 
chipped ice gave a bright yellow product (E) crystallising from alcohol in 
yellow needles, m.p. 345-50°. (with decomp.). (Found: C, 57-1; H, 5-4%.) 
The substance (E) is soluble in warm sodium carbonate solution and cold 
caustic soda solution and gives an olive green colouration with ferric chlo- 
ride. Product (B) on fusion with potassium hydroxide as in the case of 
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(V), gave 1-hydroxy-2-naphthoic acid and a deep violet product which is 
being examined. 


The acetate of product (B), obtained by refluxing with acetic anhydride 
and a drop of pyridine, crystallised from acetic acid in small light yellow 
plates, m.p. 234-S° (Found: C, 76:2; H, 4:6; Acetyl 11-0. C.,H,,0, 
requires C, 76-5; H 4-3; Acetyl, 10-0%). 


The p-nitrobenzoate of (B), prepared by treatment with p-nitrobenzoyl 
chloride in pyridine on the water-bath for 30 minutes, crystallised from acetic 
acid in small light yellowish brown plates, m.p. 258-60°, after shrinking at 
255° (Found: N, 2:6. Cs3:H,gO,N requires N, 2°6%). 


When product (B) (0-2g.), dissolved in 2 per cent. alcoholic alkali, 
was coupled with diazotised aniline, stirred for 2 hours, a deep red solution 
was obtained, which on acidification gave a deep red dye. It could not be 
crystallised, but was purified by precipitation from a benzene solution by 
petroleum ether (60-80°), when it was obtained as an amorphous powder 
which decomposed above 180° (Found: N, 5:7. Cs3,H2O,N. requires 
N, 5-4%). 


Decomposition of product (B) with alcoholic alkali 


Product (B) (0-5 g.) was dissolved in 2 per cent. alcoholic. caustic soda 
solution and the yellowish red solution kept overnight at room temperature. 
Carbon dioxide was passed through the solution, which had become deep 
red; but only sodium carbonate was precipitated and the colour of the 
solution became violet. The violet coloured filtrate was acidified, and the 
deep violet precipitate collected. The filtrate on evaporation gave a sticky 
violet-coloured product which could not be crystallised. The precipitate 
on purification by chromatography through alumina using benzene as solvent 
gave a violet-coloured compound which crystallised from benzene in greyish 
violet laminary plates (Product C) (0-2 g.), decomposing at 174-6°. The 
substance is not soluble in aqueous sodium carbonate or sodium hydroxide 
solution. It dissolves in hot alcoholic alkali to give a brownish red solution, 
and dissolves in alcohol to give a violet coloured solution, which gives with 
ferric chloride a cherry red colouration, and with a drop of hydrochloric 
acid a reddish brown colour. It gives a brownish orange solution in con- 
centrated sulphuric acid, exhibiting a bright green fluorescence. 


SUMMARY 


4-Hydroxynaphthocoumarin has been synthesised by the internal con- 
densation of O-carbethoxy-2-acetyl-1-naphthol, thus suggesting a new general 
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tethod for the synthesis of 4-hydroxycoumarins. The behaviour of 4- 
hydroxynaphthocoumarin has been studied; its derivatives including the 
corresponding dicoumarin have been prepared. By the action of potassium 
carbonate or sodamide on the carbethoxy ester of 2-acetyl-l-naphthol, a 
second product was obtained, the constitution of which is under examination. 


We wish to thank Mr. T. S. Gore for carrying out the microanalyses 
and the Trustees of the Sir Dorabji Tata Trust for a scholarship awarded to 
one of us. 
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6: 7-BENZOCOUMARANONE 
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Received July 29, 1948 


IN the course of a study of the action of alkaline condensing agents on ethyl 
2-acetyl-l-naphthyl carbonate,’ it appeared that a possible product was 
6: 7-benzocoumaranone (I), and the substance had to be prepared for a 
direct comparison. It was first described by Ullmann,? who prepared it 
by the cyclization of 2-bromacetyl-l-naphthol (II) and recorded the m.p. 
91-92°. 


Fries,* quoting van Paul Lanz,* has stated that a benzocoumaranone 
constituted as (I) and melting at 116°, is obtained by the intramolecular 
acylation of a-naphthoxyacetyl chloride (III); the m.p. was slightly higher 
(119°), when the corresponding bromide was used. Ingham, Stephen and 
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Timpe,’ who have not referred to the work of Fries and Lanz, carried out 
the intramolecular acylation of a-naphthoxyacetyl chloride (III) with alu- 
minium chloride in benzene, and obtained a product, m.p. 119°, which they 
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considered to be the perinaphthopyrone (IV), rather than the coumaranone 
(I, since it condensed with benzaldehyde to form the benzylidene derivative, 
which could not be converted through its dibromide into the corresponding 
flavonol. Another argument advanced in favour of (IV) was the non- 
identity of its melting point with that of 6: 7-benzocoumaranone (I), reported 
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to have been synthesised by Ullmann? by an unambiguous method from 
2-bromacetyl-l-naphthol (II) in which the 1:2-position is already fixed. 
Several similar instances of peri-ring closure are known such as the con 
densation of a-naphthylacetyl chloride to give acenaphthenone, and the 
formation of benzanthrone from a-benzoylnaphthalene in presence of alu 
minium chloride. 


Reviewing Ullmann’s work? on the w-bromination of 2-acetyl-1-naphthol, 
it was found that conflicting results have been recorded for this bromination. 
Ullmann obtained 2-bromacetyl-l-naphthol (II) (m.p. 124-5°) by bromi- 
nating acetonaphthol or its acetyl derivative in carbon tetrachloride solution, 
while Torrey and Brewster® obtained 4-bromo-2-acetyl-l-naphthol, m.p. 
127°, under the same conditions. Fries’ also failed to get (II), and it has 
now been found that even bromination with N-bromosuccinimide, which 
normally leads to w-bromination, yields 4-bromo-2-acetyl-1l-naphthol. 
Bromination in acetic acid with two molecules of bromine gave a quantitative 
yield of the w-4-dibromo derivative. 


6: 7-Benzocoumaranone (I) has now been synthesised by an unambi- 
guous route starting from 1-hydroxy-2-naphthoic acid, through the inter- 
mediate diazoketone, by the following scheme. 
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The acid chloride (V) of the acetate of 1-hydroxy-2-naphthoic acid, 
on treatment with an etheral solution of diazomethane gave the diazoketone 
(VI). This on treatment with dilute sulphuric acid in dioxane gave the 
carbinol (VII), which on acetylation gave the corresponding acetate (VIII). 
Eistert® has shown that the corresponding diazoketone from 2-hydroxy-3- 
naphthoic acid gives the benzocoumaranone on treatment with alcohol and 


162 Nity Anand and K. Venkataraman 


dilute sulphuric acid, but the diazoketone (VI) when treated under similat 
conditions gave the carbinol (VII). Eistert® further found that the corres- 
ponding carbinol from 2-hydroxy-3-naphthoic acid, on longer treatment 
with alcohol and sulphuric acid, also gave the benzocoumaranone. It was 
found, however, that the carbinol (VII) under similar conditions gave merely 
the deacetylated compound (IX), which was also obtained by treatment 
of the carbinol (VII) with sodium hydroxide. This gave the same diacetate 
(VIII) as that obtained from the carbinol (VII). However, the diazoketone 
(VI) on treatment with concentrated sulphuric acid in the cold gave a com- 
pound, m.p. 119°, which from its properties and those of its derivatives proved 
to be 6: 7-benzocoumaranone (I). The carbinol (VII) or (IX) did not give 
the 6: 7-benzocoumaranone under the same conditions. As the 6: 7-benzo- 
coumaranone had the same melting poini and properties as those described 
by Ingham? et al. for their product, obtained by the intramolecular acylation 


of a-naphthoxyacetyl chloride, it was considered desirable to repeat their 
work. 


The acid chloride, prepared by the action of phosphorus pentachloride 
on a-naphthoxyacetic acid, gave on treatment with aluminium chlo1ide in 
benzene a substance, m.p. 119°, identical in all respects with 6: 7-benzo- 
coumaranone. Thus cyclization of a-naphthoxyacetyl chloride takes place 
in the 2-position and not in the peri position. 


EXPERIMENTAL 


1-Acetoxy-2-naphthyl diazomethyl ketone (V1).—1-Acetoxy-2-naphthoic 
acid, obtained by refluxing 1-hydroxy-2-naphthoic acid with four parts of 
1: l-mixture of acetic acid and acetic anhydride for three hours, crystallised 
from benzene in colourless needles, m.p. 156°. The acetate was unstable 
to long keeping, and to the action of hot water or even hot alcohol. The 
acid chloride, m.p. 114°, was obtained by treatment with thionyl cnloride 
in petroleum ether (60-80). 


The finely powdered acid chloride (5 g.), dissolved in ether (100 c.c.), 
was added dropwise in the course of one hour to an agitated, ice-cold solu- 
tion of diazomethane in ether, prepared from nitrosomethylurea (12 g.), 
40% potassium hydroxide (30c.c.) and ether (100 c.c.), and kept in the 
refrigerator for 24 hours. The diazoketone which separated as a light yellow 
crystalline precipitate was filtered (3 g.) and the filtrate on concentration 
gave more of the diazoketone. The substance crystallised from benzene in 
small shining plates (3-2g.), m.p. 131° (decomp.) (Found: N, 11-2. 
C,4HipO3,N, requires N, 11°0%.) It decomposes on long standing. It 








dis 
or 

















163 


6: 7-Benzocoumaranone 


dissolves in concentrated sulphuric acid with decomposition giving a deep 
orange solution, with a bright green fluorescence. 


1-Acetoxy-2-naphthoylcarbinol (VIT).—To a solution of the diazoketone 
(VI) (0-5g.) in dioxane (10¢.c.), 2N sulphuric acid (2¢.c.) was added with 
shaking, and the solution allowed to stand at room temperature for two 
hours. The diazoketone slowly gave off nitrogen, and the solution became 
slightly deeper in colour. On dilution with water, the crystalline precipitate 
was collected and crystallised from alcohol. The shining yellow flat plates 
(0:35g.) had m.p. 121°. (Found: C, 69-1; H, 4:9. C,H;,0, requires 
C, 68:8; H, 4:9%.) The substance gives a decp green colour with ferric 
chloride, and an orange solution in concentrated sulphuric acid, and 
dissolves in cold 1% caustic soda solution from which it can be reprecipitated 
unchanged. Because of its ferric chloride colouration and its solubility in 
ice-cold aqueous caustic soda, the possibility of the carbinol (VII) being 
1-hydroxy-2-naphthoylacetyl carbinol cannot be ruled out. The product 
is being studied further to finally decide the position of the acetyl group. 


The diacetate, prepared by refluxing (VII) with acetic anhydride and 
pyridine crystallised from alcohol in long colourless needles, m.p. 119°. 
(Found: C, 67:4; H, 5:1. CygH,,O; requires C, 67-12; H, 4°9%). 


The method used by Eistert® for converting a diazoketone of the type 
of (VI) to the coumaranone was then studied, and instead of the coumara- 
none (I), the carbinol (VII) was obtained. The diazoketone (0-2 g.) was 
suspended in alcohol (2 c.c.), 2N sulphuric acid (0-2c.c.) added, and the 
mixture warmed on the water-bath, when a brisk evolution of nitrogen took 
place. When nitrogen was no longer evolved, the solution was heated on 
the water-bath for about 5 minutes (Norit), filtered and cooled, when light 
brown crystals separated (0-1 g.). The product crystallised from alcoho! in 
light yellow plates, m.p. 121°, identical with (VII). 


1-Hydroxy-2-naphthoylcarbinol (IX).—To a solution of (VII) (0-1 g.) 
in alcohol (2c.c.), four drops of concentrated sulphuric acid were added 
and the solution refluxed on the water-bath for 30 minutes (Norit), filtered 
and cooled. The yellow crystalline mass, which separated, crystallised 
from alcohol or benzene in small yellow plates, m.p. 151°, with darkening 
in colour. (Found: C, 71:3; H, 5-2. C,H ;,O3 requires C, 71-3; H, 
4-9%.) The substance was also obtained by warming a dilute alkaline 
solution of the acetylated carbinol on the water-bath for 2 minutes, and 
acidifying. It gives a green colour with ferric chloride and an orange solu- 
tion in concentrated sulphuric acid. 


Acetylation gave the same diacetate (VIII) described earlier. 
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6: 7-Benzocoumaranone (1) 


(A) The diazoketone (VI) (0:2 g.) was added slowly with stirring to 
ice-cold concentrated sulphuric acid (2¢.c.); nitrogen was evolved and the 
substance slowly went into solution. The brownish orange solution, which 
had a strong green fluorescence, was kept in the refrigerator for one hour, 
poured over crushed ice, and ether extracted. The ether extract was washed 
with ice-cold sodium hydroxide solution, which removed a trace of a colour- 
ing matter. The ether layer was washed and dried, and on removal of the 
ether the residue crystallised from dilute alcohol in shining colourless plates, 
m.p. 119° (Ullmann, 91-2°; Lanz, 116°; Fries and Ingham, et al., 119°). 
(Found: C, 78-1; H, 4:5. Cy,HsO, requires C, 78-3; H, 4°2%.) The 
substance does not give a colour with ferric chloride, and is not soluble in 
cold aqueous sodium hydroxide; but when slightly warmed it goes into 
solution with a deep red colour; deep reddish violet flakes then separate 
(cf. Ullmann’). It reduces Fehling’s solution, and the brownish orange 
solution in concentrated sulphuric acid shows a bright green fluorescence. 
The acetate prepared by refluxing with acetic anhydride and pyridine, crystal- 
lised from alcohol in light brown needles, m.p. 88 (Ingham and co-workers, 
85). (Found: C, 74:7; H, 4°7. CygHipO3 requires C, 74:3; H, 4-4%.) 


(B) a-Naphthoxyacetic acid was prepared by condensing chloracetic 
acid and a-naphthol in alkaline solution. The acid chloride, obtained by 
treatment of the acid (5 g.) with phosphorus pentachloride (5 g.) in benzene, 
followed by removal of the benzene and phosphorus oxychloride under 
vacuum on the water-bath, was taken up in benzene (25c.c.). Aluminium 
chloride (4 g.) was then slowly added, when the colour of the solution changed 
from brownish red to green. After heating on the water-bath for 6 hours, 
the solution which had now become coppery red was poured into ice and 
hydrochloric acid, and steam-distilled. The white crystalline mass that 
separated in the distillate was taken up in ether, and the ether removed. The 
residue (1:2 g.) crystallised from dilute alcohol in colourless shining plates, 
m.p. 119°, not depressed by admixture with 6:7-benzocoumaranone pre- 
pared earlier. The residue in the distillation flask was a deep red resinous 
mass and could not be crystallised. 


SUMMARY 


6- 7-Benzocoumaranone was first described by Ullmann who prepared 
it by the cyclization of 2-bromacetyl-1-naphthol and recorded the m.p. 91-2°. 
Fries prepared it later by the intramolecular acylation of a-naphthoxyacetyl 
bromide and recorded the m.p. 119°. A compound of the same m.p. pre- 
pared similarly from a-naphthoxyacetyl chloride has been considered by 
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Ingham et al., to be perinaphthapyrone. 6:7-Benzocoumaranone, m.p. 
119,° has now been synthesised by an unambiguous route, starting from 
1-hydroxy-2-naphthoic acid through the intermedMte diazoketone, and it 
has been shown that the product obtained by Ingham et al. was 6: 7-benzo- 
coumaranone. 

We wish to thank Mr. T. S. Gore for carrying out the microanalyses 
and the Trustees of the Sir Dorab Tata Trust for a scholarship awarded to 
one of us. 
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UMBILICAL PROJECTION} IN FOUR DIMENSIONAL 
e SPACE §S,* 
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(Communicated by Dr. Ram Behari, F.a sc.) 


THIs paper is an extension of the two papers published by the Author in the 
Proceedings of the Indian Academy of Sciences, Vol. XV, No. 1, Section A, 
1942, pp. 16-17; Vol. XXIV, No. 5, Section A, November 1946, to illustrate 
the use of ‘ Umbilical Projection’ to establish a number of propositions per- 
taining to the Geometry of Spheres. For this purpose we investigate good 
many properties of a quadratic W in S,. 


I 


Harmonic Inversion w.r.t. a Point and a Prime 


1. Let L be a fixed point and / a fixed prime. If P be a point ona 
line through L cutting /in P, and we take P’ on LP such that (LP P, P’) = —1, 
we say that P’ inverts into P w.r.t. (L, J). It is clear from the definition 
that P inverts into P’, i.e., P, P’ are mutually inverse. L is called the centre 
and / the prime of inversion. 


If L and / be pole and polar w.r.t.w., we note then the following results: 


(i) A prime or plane section of W inverts into another prime or plane 
section of W meeting them in /. If U be a point on W, U’ the intersection 
of UL with W, then any prime or plane through U’ inverts into a.prime or 
plane through U and vice versa. 


(ii) 7 inverts into itself. 


(iii) An enveloping hypercone of W with vertex M and section m of W 
being polar of M as its base inverts into another enveloping hypercone of 
W with vertex M’ and section m’ of W being polar of M’. Hence a pair of 
inverse point w.r.t. (M, m) inverts into a pair of inverse points w.r.t. (M’, m’). 

(iv) If we define the angle between two primes as a where r is 
the cross-ratio of the four primes consisting of the given ones and tangent 





* [Read at the 33rd Session of, the Indian Science Congress Association, held at Bangalore, 
in January 1946. Abstract published in its Proceedings,] 


+ Baker, H. F., Principles of Geometry, Vol. IV. Representation of a Prime upon a 
Quadratic, pp. 36-40. ’ 
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primes to W through the plane common to them such that r= — 1 when 
the given primes are conjugate, the angle between two primes will be unaltered 
by inversion. 


Umbilical Projection in Four Dimensional Space S, 


(v) A line, plane or prime through L inverts into itself. Hence any 
plane or prime through a pair of inverse points inverts into itself. 


2.* Two prime sections a, b of W lie on two hypercones whose vertices 
. V,, V2 lying on the polar line of the plane k common to a, b, are harmonically 
separated by the pairs of points where V,V. cuts W and a, b and also by the 


: pairs of poles A, B of a,b. The polar primes v,, v, of Vi;, V2 are conjugate 
; w.r.t. W, form a harmonic pencil with a, b and are‘ primes of inversion’ for 
i a, b with V,, V. as * centres of inversion’. 


3. Let V;’, V2’, A’, B’ be the intersections of W with UV;, UV,, UA, 
UB respectively; AB and A‘B’ meet in a point C, the pole of V,;’V,’ w.r.t. 
the conic section UV;’V,’ of W. Hence the polar prime c of C passes through 
V,', V2’ and the polar planes of A'B’ and AB. 


; 4. Any line PP’ inverts into a line through a fixed peint U, where 
U, P, P’ are points on W if we take L, the centre of inversion, on UP or UP’. 


5. Ifa variable prime cut two given primes at fixed angles it will also 
cut every prime coaxal with them at a fixed angle. 


6. All primes of a coaxal system will cut at equal angles two primes 
which cut two primes of the system at equal angles. 


7. Ifaprime section of W touches two other sections; the line of contact 
must pass through one of the centres of inversion for them. 


8. Given any three prime sections of W; the six primes of inversion, 
w.r.t. which the given sections are inverse in pairs, arrange themselves in four 
coaxal triads and belong to a linear congruence. 


é' 9. If each of two primes intersect each of two others at the same angle, 
| a centre of inversion of one pair lies in the common plane of the other pair. 
For primes cutting two primes at equal angles are conjugate to a prime of 
inversion. 


In particular, if two prime sections of W touch two other prime sections, 
a centre of inversion of one pair lies in the common plane of the other. 

10. Given four prime sections of W in general, they determine in pairs 
twelve hypercones whose vertices lie by sixes in four planes each through the 





* Proc. Lahore Phil. Soc., Vol. VIII, August 46, No. 1, p. 59. 
t A system of primes passing through a line is said to form a linear congruence. 
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poles of a triad of them (Article 8) and by threes on sixteen lines. Four 
such lines pass through each vertex; four lie in each of the four planes; 
four in each of eight other planes, whereof two pass through each of the 
sixteen lines. Thus the twelve vertices lie by sixes in twelve planes completing 
a Desmic configuration of three Tetrahedra, each perspective to the other 
from the vertex of the third that are mutually self-polar.* 


11. Any prime through any one of the eight planes of Article 10 cuts 
all the given four primes at equal angles. Through each plane there pass two 
primes touching the given sections. Hence there are in all sixteen primes 
touching the given sections. 

The line joining the point, common to the four primes, to the pole of one 
of the eight planes w.r.t. one of the given prime sections cuts in points of con- 
tact of a pair of tangent sections. 

12. It is easy to see with the help of the eight planes of Article 10 that 
there are sixteen primes cutting any five primes at the same angles. 

13. If P inverts into Q w.r.t. (A, BCDE), Q inverts into R w.r.t. 
(B, CDEA), R inverts into S w.r.t. (C, DEAB), S inverts into T w.r.t. 
(D, EABC), then T inverts into P w.r.t. (E, ABCD). 


INVERSION W.R.T. A SPHERE / 


Now on Projection from a point U on W we have in a prime p: 


1. P, P’ project into a pair of inverse points w.r.t. a sphere / with 
centre U’. 


(i) A Sphere or a circle inverts into a Sphere or a circle coaxal with 
the sphere of inversion I. 


A Sphere or a circle through the centre of inversion U’ inverts into a 
plane or a line and vice versa. 


(ii) | inverts into itself. 


(iii) A pair of inverse points w.r.t. a sphere inverts into a pair of inverse 
points w.r.t. its inverse. 





(iv) If we define the angle between two spheres to be equal to a HA 


where r is the cross-ratio of the four planes through a tangent line to their 
common section, two touching the spheres and two touching the circle at 
infinity, such that r= — 1 when the spheres are Orthogonal, the angle 
between two spheres will be unaltered by inversion. 


© Bull. Cal. Math. Soc., Vol. 33, No. 4, 1941, p. 149. 
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(v) A pair of inverse points w.r.t. l, a circle or a Sphere orthogonal to I 
inverts into itself. 


A line or plane through U’ inverts into itself. 


2. Given two spheres a, b their centres of similitude V,, Vz are double 
points of the involution determined by their centres, and their limiting points; 
a, b are inverse w.r.t. two spheres v,, v2 having their centres at V,, Vz called 
their spheres of anti-similitude. v,, v, are mutually orthogonal and are 
coaxal with and equally inclined to a, b. 


3. It is easy to notice that the projection of the prime c is the sphere of 
similitude for the spheres a, b having V;, V, as the extremities of a diameter. 
This sphere is coaxal with a, b as well as with their centres. 


(i) With the help of Desargue’s Theorem for two triangles in perspective 
we have that the three spheres of similitude of any three spheres taken in pairs 
are coaxal. The six spheres belong to a linear congruence.* 


(ii) From the property that the corresponding edges of two tetrahedra 
in perspective meet in a plane, we get that the six spheres of similitude of any 
four spheres taken in pairs belong to a linear congruence.* The ten spheres 
belong to a linear complex.* 


(ili) From the fact that the corresponding edges of two pentads in 
perspective meet in a prime, we have that the ten spheres of similitude of any 
five spheres taken in pairs belong to a linear complex.* 


4. Any coaxal system of spheres inverts into concentric one if inversion 
is effected w.r.t. a limiting point. 


5. Ifa variable sphere cut two given spheres at fixed angles, it will cut 
also at a fixed angle every sphere coaxal with them. 


6. All spheres of a coaxal system will cut at equal angles two spheres 
which cut two spheres of the system at equal angles.* 


7. The line of contact of a sphere touching two others passes through 
either centre of similitude.* 


8. Given three spheres, the six centres of similitude arising from these 
lie by threes on four lines in a plane. The six spheres of anti-similitude 
arrange themselves by threes into four coaxal families which are orthogonal 
to the family of spheres orthogonal to the given three and hence they belong 
to a linear congruence. 





* Coolidge, A Treatise on the Circle & the Sphere, Chapt. 5. 
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9. If each of two spheres intersect each of two others at the same angle 
a centre of similitude of one pair lies in the radical plane of the other pair.* 
In particular if two spheres touch two others a centre of similitude of one 
pair lies in the radical plane of the other.* 


10. Given four spheres in general, they determine in pairs twelve 
centres of similitude. These lie by sixes in four planes each through three 
centres of given spheres and by threes on sixteen lines. Four such lines 
pass through each centre of similitude, four lie in each of the four planes 
and four in each of eight other planes, whereof two pass through each of 
the sixteen lines. The centres of similitude lie by sixes in twelve planes 
completing a desmic configuration of Stephanos. * 


The twelve spheres v,(i=1, 2....12) of antisimilitude belong to a 
linear complex and group into three tetrads such that a sphere of one and that 
of a second are coaxal witha sphere of the third tetrad. There are sixteen 
such coaxal families which by fours belong to twelve linear congruences u; 
(j= 1, 2....12). u; also group into three similar tetrads such that a linear 
congruence from one and that from a second have a family common with a 
linear congruence from the third tetrad. The sixteen families arising from 
them are orthogonal by fours to the twelve spheres v; and each of these families 
is orthogonal to a family of the former sixteen. Each u; is orthogonal to six 
y; and each v; to six u;. Every sphere belongs to four families. 


11. There are eight families of spheres that cut four given spheres at 
equal angles. Hence there are sixteen spheres, two from cach family, that 
touch the four spheres. 


The line joining the radical centre of the four spheres to the poie of one 
of the eight planes of Article 10 w.r.t. one of the spheres cut it in the points 
of contact of a pair of tangent spheres.* 

12. There are sixteen spheres that cut any five spheres in general at 
equal angles. * 

13. Given five mutually orthogonal spheres 1; (i= 1, 2....5); if P 
inverts into Q w.r.t in I;, Q inverts into R w.r.t. l,, R inverts into S w.r.t. T Is, 
S inverts to T w.r.t. l,, then T inverts into P w.r.t. ls. 


II 
MISCELLANEOUS 


i. Given a self-conjugate pentad ABCDE for W, A’B’C’D’E’ be the 
pentad inscribed in W in perspective with ABCDE from a point U of W. 





t Coolidge, Loc: cit. 
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The traces of the given pentad on the tangent prime at U are ten points and 
ten lines constituting a self-polar set and the traces of the pentad formed by 
the tangent primes at A‘, B’, C’, D’, E’ are the same as those of the given pentad. 


Definition.—A plane and a line will be said to be conjugate when the 
polar line of the plane intersects the given line (in the pole of the prime that 
contains the given plane and the polar plane of the given line). 


2. Given a simplex such that each of its planes is conjugate to the 
opposite line; the reciprocal simplex w.r.t. W is also of similar character. 
The two simplexes are easily seen to be in perspective, from a point which 
taken with the five vertices of the given simplex constitute such a set of six 
points that the plane determined by any three of them is in bi-involution with 
the plane determined by the other three and the line joining any two of them is 
conjugate to the prime determined by the other four. 


3. Let ab, cc’ be pairs of coaxal primes forming a harmonic pencil, 
U be a point on the section c of W, P on the section c’, if UP cuts a, b, in 
Q, Q’ we have (UP, QQ’) = — 1, i.e., Q, Q’ are conjugate points for W. 

(i) Hence the polar prime of Q passes through Q’ and is conjugate to a. 

(ii) If the given primes a, b be conjugate, i.e., A, pole of a lies in b, and 
UA cut W in A’, bin Ay, we shall have (UA,A’A) =, — 1, A’ must lie then 
on the prime c’. 

(iii) The poles of the primes also form a harmonic range, the pole of c 
being in the tangent prime at U. 

4. Given four primes a, b, c,d; let A, B, C, D be their poles respectively, 
UA, UB, UC, UD meet a, b, c,din A’, B’, C,’ D' respectively and W in 
A’ ,B’,C’,D’. Then the primes A’”B’C’D’, ABCD and A’B‘C’D’ are 
coaxal. If their common place be k, the prime KU will be harmonic conju- 


gate of the prime A”B’C’D” w.r.t. the primes ABCD and A’B’'C’D’. k is 
the plane where AB meets A’B’, etc. 


5. Ifa plane section s of W through U be conjugate to a prime a and 
cut its section in points forming a harmonic range on s with another pair of 


points on it; any prime through the 2nd pair of points will be conjugate 
to a. 


On projection from U in the prime p we have: 


1. The centres of the spheres through an orthocentric set of five points 
also form an orthocentric set. 


Definition.—A circle and a pair of points will be said to be conjugate 
to each other when the foci of the circle are concyclic with the given pair of 











172 Sahib Ram Mandan 


points, in which case the circle, for which the given pair of points are foci, 
shall be cospherical with the given circle. 


2. Given five spheres such that the circle common to two of them is 


conjugate to the pair of points common to the other three; the centre of one 
joined to the radical centre of the other four passes through a fixed point, i.e., 
the two pentads formed by the centres and the radical centres are in perspective. 
The sphere orthogonal to four of them and the fifth are coaxal with a fixed 
sphere whose centre is the fixed point. The latter sphere along with the given 
five constitute a set of six spheres such that the circle orthogonal to any three 
of them is in bi-involution with the circle orthogonal to the other three and the 
line joining the centres of any two of them contains the radical centre of the 
remaining four. The same shall hold for the five spheres orthogonal to the 
given five along with this sphere . 


3. (i) If a variable sphere is cut by one sphere orthogonally and the 
other in a great circle, the locus of its centre is another sphere which we may 
call as the radical sphere* of the two spheres. 


(i1) If the given spheres are orthogonal, their radical sphere passes through 
their centres. 


(iii) The centre of the radical sphere of two spheres is the mid-point of 
the join of the centres of the given spheres.* 


4. The sphere orthogonal to four spheres, and the sphere which cuts 
all of them in great circles are coaxal with the sphere determined by the 


centres of the given four and orthogonal to their on of similitude (Article 
3 (ii) Section 1).* 


The sphere through the centre of the given spheres is the radical sphere 


of the sphere cutting them all in great circles and the sphere orthogonal to them 
all.* 


5. The diameter of one sphere cuts another orthogonal to the first in 
a pair of inverse points w. r. t. to the second. 
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THE previous examination of Tylophora indica (Burm. f.) Méerr. (syn. 
asthmatica Wight and Arn.) by Hoopers’ or by Ratnagiriswaran and 
Venkatachalam? does not record the presence of any aromatic constituent, 
though the plant as a whole, particularly the root, has a pleasant charac- 
teristic odour resembling somewhat that of vanillin. 


It is now found that when the air-dried root powder is subjected to 
steam distillation, a colourless crystalline solid along with a little oil distils 
over, the yield being 0-18 per cent. But a better yield, 0-26 per cent., is 
obtained, if the material were to be first percolated with alcohol, and the 
extract, after removal of the solvent, is distilled with steam. From the 
distillate the crystalline solid is filtered, and from the mother-liquor the oil 
is recovered through ether extraction. 


The solid, which forms 85 per cent. of the total essential oil, is sparingly 
soluble in cold water, more so in hot water and readily in organic solvents. 
From dilute alcohol it crystallises in rectangular plates, melting at 42°. It 
dissolves readily in dilute sodium hydroxide; in aqueous alcoholic solution 
it produces a deep purplish-red colour, indicating its phenolic nature. The 
formation of the phenyl hydrazone, m.p. 137-38°, and the oxime, m.p. 138°, 
shows the presence of an aldehyde group. These properties, as also its 
composition (C,H,O,-OCH;), reveal the identity of the compound as p- 
methoxy salicylaldehyde (4-O-methyl resorcylic aldehyde), and this has been 
confirmed by comparison with an authentic sample kindly supplied by 
Prof. T. R. Seshadri of the Andhra University. 


p-Methoxy salicylaldehyde has been reported to be present in the roots 
of some plants belonging to the family Asclepiadacez, namely, a species of 
Chlorocodon,* Decalepis hamiltonii Wight and Arn., and Hemidesmus 
indicus Br.’ Its presence in Tylophora indica is a further addition. 

The aldehyde has a sweet and agreeable odour, a mild pungent taste 
and is said to possess powerful bacteriostatic properties. It has, therefore, 
been suggested to be a good natural preservative for the preservation of 
food.® 
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The oily part of the essential oil, after the removal of any dissolved 
p-methoxy salicylaldehyde by treatment with dilute sodium hydroxide, is a 
viscous oil having the same characteristic smell as that of the roots. On 
standing it deposits a small amount of a waxy solid. On account of the 
low yield of these substances, they have not been characterized. 


The stems and leaves of the plant also yield the same essential oil but 
in smaller amount. 
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PREVIOUS results! for the behaviour under electric discharge of phosphorus | 
films towards nitrous oxide, air and nitrogen showed very marked and : 
sudden changes in the conductivity during the removal of nitrogen by phos- 

phorus. It was of interest therefore, to investigate the corresponding 

reaction with sulphur. Anticipated by Joshi as possibly associated with 

the production under silent discharge, of a periodic effect in the interaction 

of nitrous oxide with hydrogen and decomposition of nitrogen dioxide,* * 

the present work has revealed a spontaneous self-reversal in the over-all 

direction of a discharge reaction. This reversal is not a transient or spurious 

effect; but a reproducible characteristic under well-defined conditions; 

and shown by markedly synchronous changes in the gas pressure (p), the 

discharge current (i) and nature of the corresponding glow, which do not 

appear to have been recorded in the literature. 


EXPERIMENTAL 


The general apparatus and the electrical circuit used were essentially 
the same as described elsewhere. The discharge vessel consisted of two 
soft glass tubes fitted co-axially, as in a Siemens’ type ozoniser, with a rubber 
greased ground joint. The inner tube and the one surrounding the outer 
tube were filled with a moderately concentrated salt solution and served as 
two terminals of the ozoniser. The temperature of the system was kept 
constant by circulating water at a slow but constant rate through a water 
jacket enclosing the ozoniser. A uniform and thin film of sulphur was 
deposited on the outer surface of the inner electrode by coating it with a 
concentrated solution of sulphur in carbon disulphide. The tube was fitted 
in the ozoniser system and the solvent was removed completely by evacuating 
it on the Tépler. The main experiment was commenced only when the 
system maintained a satisfactory vacuum at least for 24 hours. 


175 


AS 








176 G. S. Deshmukh and S. Sirsikar 


Nitrogen was obtained from a commercial cylinder. The gas was 
bubbled slowly through a series of traps filled with a freshly prepared solu-' 
tion of alkaline pyrogallol and was led over heated copper turnings to remove 
traces of oxygen. It was dried carefully by streaming it slowly through a 


train of tubes containing phosphorus pentoxide and calcium chloride and 
admitted to the ozoniser at a desired pressure. 


The A.C. output of 50 cycles frequency, obtained from a rotary con- 
verter worked off 220 volt D.C. mains, was fed to the primary of a step up 
transformer. Its secondaries were connected to the inner and outer elec- 
trodes, i.e., the H.T. and L.T. terminals of the ozoniser. The potential 
applied to the ozoniser V, expressed in kilo-volts (r.m.s.) kV, was calculated 
from the primary potential and the step-up ratio of the transformer. The 
discharge current i was measured by a Weston’s moving iron A.C. milli- 
ammeter or an oxide rectifier type Cambridge A.C. micro-ammeter con- 
nected between the earth and the low-tension terminal of the ozoniser. 
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Fic. 1. Pressure, Current Variation during S—N, Reaction at 2-9, 4, 9-3, 10-7 kV. 
50 Cycles Sec.-1 





Interaction of Nitrogen & Sulphur under Electrical Discharge 177 


4 
oO 
A 


xd Oto ne. ; aa 


a | 
~ | we ie Ske er 
FT cuRRENT 








Cc 
Oo 


SECONDARY CURRENT IN 








/ 
ae 


os 

L? a 

° 
CURRENT | 


iP 
nn 





= 
oO 


ae “a 


so 





a. 








PRESSURE 


ft: 
ad 
on 
Nn 
°o 
| 
w 
o 


| 
| 
| 
| 


PRESSURE 











on 





— 
= 














| PRESSUR 
sail = 





PRESSURE IN Cm Hg 









































60 30 100 120 140 ~~ i60 180 200 
TIME 1 N MiNUTES 


Fic. 2. Pressure, Current Variation during S—N, Reaction at 10°7 kV. 
50 Cycles Sec.-1 
The ozoniser was filled with purified nitrogen at different initial pressures 
and subjected to discharge at V varied in the range 2 to 11 kV of 50 cycles 
frequency; a fresh film of sulphur was used in each experiment. The 
progress of the reaction was followed by a time to time determination of 
the pressure of the reaction mixture at constant volume and also the corres- 
ponding discharge current i flowing through the ozoniser at a given applied V. 


Figs. 1 and 2 illustrate the results obtained for the variation of p and i 
during the interaction of sulphur and nitrogen under the experimental condi- 
tions mentioned above. The products of the reaction were analysed when 
p and i reached the minimum stage. The discharge was discontinued at 
this stage; the film on the outer surface of the inner electrode was removed 
and analysed for the presence of sulphur nitride. Fig. 3 shows the time 
required for (a) the initial diminution of p to a minimum; (8) its subsequent 
increase to a maximum stage due to reversal; and (c) that for the total change 


(a) + (b). This as also the relative pressure recovery 100 x ae serve 
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Fic. 3. Pressure, Time Variation during S—N, Reaction at 10-7 kV. 
50 Cycles Sec.-1 
as a measure of the velocity of the reaction at different initial pressures of 
nitrogen and a constant applied V. 


DISCUSSION OF RESULTS 


As with phosphorus films, oxidation under discharge of sulphur by 
air dried carefully, was found to set in only at a characteristic ‘ threshold 
potential’ V,,, as located by an incipient current rise and pressure change. 
Much greater V,, than in the case of phosphorus was, however, required in 
the sulphur-nitrogen. reaction due, in part, to the comparatively greater 
dielectric strength of sulphur. The pressure-time curves A-G in Figs. 1 
and 2 show that during the initial stage of the reaction, p decreases conti- 
nuously to a minimum and on continued exposure to discharge (at a con- 
stant applied V), increases slowly to a constant maximum; after this, no 
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further pressure change occurs on continuing the discharge for an appre- 
ciably long time. The total time for the reaction, i.e., when p reached its 
minimum on the time axis and then increased to a constant maximum 
during the reversal (see curve 1 in Fig. 3); and also the average time-rate 
of the pressure change increased with V and l/p. Thus e.g., at 10°:7kV 
and an initial pressure corresponding to 14-6 and 5-6cm. of nitrogen 
(curves B and C in Fig. 1) p reached the minimum in about 450 and 300 
minutes respectively. This is in agreement with Joshi’s deduction that the 
‘threshold potential’ V,, increases with p and that the velocity of a dis- 
charge reaction depends on V-V,,.*5* Furthermore, curve A in Fig. 1 
shows that with 13-6cm. of nitrogen and V varied from 3 to 11 kV, the 
pressure decreased to a minimum in about 1,300 minutes. This slow pressure 
diminution, indicative of a reduction in the over-all velocity of the reaction, 
was more conspicuous when V was nearer to V,,. Thus at 2:9kV, only 
30 per cent. of the pressure change occurred in about 675 minutes and the 
rate of pressure diminution increased as V was raised progressively to 10-7 kV. 
Detailed experiments showed that the reversal of p was more pronounced 
at low initial pressures of nitrogen and was accompanied by a synchronous 
variation of the discharge current i (curves E-G and E’-G’ in Fig. 2). The 
percentage restoration of both the above quantities, at a given V, increased 
markedly as the initial pressure of the gas was reduced progressively (see 
curve IV in Fig. 3). Thus e.g., at 10°7kV and 14-6cm. of nitrogen (curve 
B in Fig. 1), p became negligibly small in about 450 minutes and increased 
on continued exposure to discharge to a maximum corresponding to 1-3 cm., 
i.e., to about 9% of its initial value (see curve IV in Fig. 3). Compared with 
this, the relative recovery of p (due to reversal) was much greater viz., about 
83% when the pressure of nitrogen was lower, i.e., 2-O0cm. Hg (curve IV 
in Fig. 3 and curve E in Fig. 2). 


Also, the current i showed a remarkably synchronous variation with 
Pp; it decreased from the initial 60 to 47uA and increased again to 55 nA, 
i.e., to about 90 per cent. of the original conductivity (curve E’ in Fig. 2). 
Results for thc sulphur-nitrogen reaction at 10-7 kV, but lower initial pressures 
of nitrogen were found to be on the whole similar to those mentioned above 
(curves F—-F’ and G-G’ in Fig. 2). The variation of i was less pronounced 
at high initial pressures of nitrogen. This was partly due to the use of a 
less sensitive indicator then available for these measurements. Curve A’ 
in Fig. 1, however, shows that at 13-6cm. of nitrogen, i either remained 
sensibly constant or decreased at a given V when p decreased continuously. 
It, however, increased to a higher value on increasing V successively and 
was constant so long as the applied V was also constant. During this, it 
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was observed that the intense violet appearance of the glow faded gradually 
with the decrease of p and i; it disappeared almost completely as both the 
above quantities reached the minimum and was not observed even during 
their reversal on continued exposure to discharge. 


It is interesting to point out that if after the attainment of the constant 
maximum p (due to reversal) the residual gas was téplered out completely 
and the system re-excited at V applied previously, an increase of pressure 
ensued. Thus, e.g., at 10-7kV and 5-6cm. of nitrogen (curve C in Fig. 1), 
p decreased to 0-7 cm. and increased again (on continued exposure to dis- 
charge) to 3-0 cm. in about 900 minutes. The experiment was discontinued 
at this stage. The ozoniser was evacuated on the Tépler and the discharge 
was switched on at the original applied 10-7kV. It was now seen that p 
increased slowly and reached a constant stage corresponding to about 0-6 
cm. in 130 minutes. On further evacuation on the Tépler and exposure 
to discharge under constant experimental conditions, the pressure increased 
once again but on the whole more slowly than before. Thus, after the second 
evacuation of the residual gas, 160 minutes were required for the same 
amount of pressure change, i.e., 0-6cm. rise of p. It is significant to observe 
that such a reversal of pressure after the attainment of minimum p, which 
(latter) in the case of phosphorus corresponded to practically zero pressure, 
was never observed in the phosphorus-nitrogen reaction under generally 
identical conditions even though the exciting potential was increased consi- 
derably. 


Newman’ found that certain elements deposited as thin films over the 
cathode, absorbed nitrogen rapidly under the discharge. With phosphorus, 
sulphur and iodine the absorption was most pronounced and the gas was 
not reliberated even on heating the discharge tube, which he attributed to 
the formation of a stable chemical compound. The general resemblance 
of the S—N, reaction under electric discharge as shown by the initial time- 
variation of p, with that when phosphorus was used instead, is suggestive. 
The removal of nitrogen by phosphorus was, however, attributed chiefly to 
the formation of a chemical compound since no reversal of pressure was 
observed and the termination of the reaction was characterised by a sudden 
and large drop of i to a stationary value when p became negligibly small. 
During the course of the reaction, the colour of the phosphorus film changed 
from yellowish white to dark brown and the reaction products revealed the 
presence of phosphorus nitride. In the present series of experiments the 
analysis of the products of the reaction indicated the formation of sulphur 
nitride. Judged by the time-rate of the variation of p, the ‘clean up’ of 
nitrogen by phosphorus was comparatively more rapid than that by sulphur. 
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Thus, at 4kV and 11-3 cm. of nitrogen p became negligibly smail in about 
330 minutes in the P-N, reaction. Using almost similar pressure, i.e., 
14-6cm. of N, and a much higher applied V, namely 10-7kV, only 80% 
of the pressure change occurred in 330 minutes in the latter case (curve B, 
Fig. 1). 


Kohlschiitter and Frumkin® obtained phosphorous nitride by passing an 
electric discharge through a mixture of phosphorus vapour and nitrogen. 
No data are, however, available for the formation of sulphur nitride as a 
result of the interaction of sulphur and nitrogen under the discharge. The 
detection of sulphur nitride in the products of the reaction in the present 
series of experiments is therefore, interesting. 


Three volatile modifications of sulphur nitride are known; of these, 
nitrogen tetrasulphide (N,S,) is comparatively more stable and obtained as 
a yellowish brown solid at ordinary temperature. The other two varieties, 
viz., nitrogen persulphide (NS.) and nitrogen pentasulphide (N.S;) were 
obtained by Usher® and Muthmann?® by heating N,S, with sulphur and 
carbon disulphide respectively. Both the above compounds are liquids 
with a characteristic deep red colour and are easily decomposed at ordinary 
temperature into N,S, and sulphur. It is, therefore, suggested that the reac- 
tion products obtained under the discharge in the present experiments con- 
sisted chiefly of nitrogen tetrasulphide, as the formation of a liquid product 
was not detected at any stage during these experiments. 


It is instructive to compare at this stage the relative stability of phos- 
phorus nitride and sulphur nitride. Phosphorus nitride (P;N;) is fairly 
stable at ordinary temperature and decomposes only above 910°!1; its heat 
of formation, using ordinary phosphorus was found by Stock and Wrede?? 
to be + 81-5K. Francis and Davis?* observed that nitrogen tetrasulphide 
(N,S,) decomposes almost completely at 185°. Berthelot and Vieilli™ 
found the compound to be endothermic having a heat of formation — 127 K. 
This shows that sulphur nitride is comparatively more unstable than phos- 
phorus nitride. 


The observed reversal of pressure accompanied by the synchronous 
time-variation of i (Figs. 1 and 2) may be attributed to the formation and 
subsequent decomposition of sulphur nitride and/or the adsorption and 
desorption of the gas on the sulphur film under the discharge. 


In a theory of the newly discovered Joshi-effect, viz., an instantaneous 
and reversible photo-diminution — Ai of the discharge current i in chlorine 
and other gases and vapours, Joshi?® has postulated the formation of a 
‘variable adsorption layer’ derived in part, from the wall adsorption of the 
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ions and excited molecules under the discharge. The formation of this 
layer would alter the electrical capacity of the annular space in the ozoniser 
and therefore, of the corresponding discharge current i at the given applied 
potential V. Furthermore, Joshi!* has argued that a decrease of i in the 
ozoniser discharge can originate from (1) a decrease of C,,, the combined 
capacity of the walls and C,, the capacity associated with the gas phase. 
This last may be regarded as shunted by an ohmic resistance R, under dis- 
charge due to a given exciting potential V. 1/R, is the conduction current 
determined by the average velocity and number of ions per c.c. Ceteris 
paribus the conduction current should ordinarily increase by decreasing the 
gas pressure. The decrease of the current with p and its increase during the 
latter stage characterised by pressure reversal cannot, therefore, be attributed 
to the variation in ohmic or the conduction part of the current, 1/R,. The 
observed variation of i may, therefore, be due to a change in C,, and/or C,,. 


Since C,, = mem where / is the length of the ozoniser, r, and rz the 


log 10 4 


radii of the outer and inner tube (constituting the ozoniser) and K_ the 
dielectric constant of the wall material; reduction in K should produce a 
corresponding decrease of C,,. Applying the Maxwell relation »? = K, 
data for the refractive index of sulphur and nitrogen tetrasulphide” (, being 
1-998 and 1-908 respectively), show that the dielectric constant of sulphur 
is greater than that of N,S,. Assuming that r, does not change appreciably 
during the course of the reaction, the synchronous diminution and reversal 
of p and i, characteristic of the formation and subsequent decomposition 
of nitrogen tetrasulphide may, therefore, be due to the corresponding varia- 
tion of C,,. The above suggestion can only be a partial explanation since 
the observed current changes are far larger than the corresponding difference 
in the dielectric constants. Furthermore, C, the capacity associated with 
the gas phase, should vary synchronously with the gas pressure p. The 
diminution of i with p and its subsequent increase during the reversal of 
pressure may, therefore, be anticipated. 


The disappearance of the glow when p and i reach the minimum stage 
and its subsequent non-observation during their reversal in the latter part 
of the S—-N, reaction is explicable on the assumption that during the initial 
stage of the reaction, the appearance of the intense violet glow may be due 
to the excitation of sulphur. With the replacement of sulphur by another 
emitter, viz., N4S4, p decreases and the glow fades and disappears almost 
completely at the minimum p stage. The non-observation of the glow at 
this stage and also during the reversal of p suggests that the excitation 
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potential of N,S, may be greater than that of sulphur. Alternatively, the 
glow may be due to the excitation of sulphur by active or atomic nitrogen 
produced under the discharge. Production of active nitrogen under ‘ silent 
discharge’ has been observed, it would appear, for the first time by Joshi 
and Purushottam.4® As p decreases the net concentration of atomic + 
active nitrogen falls and at minimum p it may not be sufficient to excite 
sulphur; the glow, therefore, fades and disappears almost completely. If 
during the reversal of p, indicative of the desorption of nitrogen and/or the 
decomposition of N,S,, the liberated gas is in the atomic state or/and 
‘active’, a reappearance of the glow should follow. Its non-observation 
during the reversal does not, therefore, support the latter assumption. It 
may, however, be assumed that during the initial stage of pressure reduction, 
a protective film due to the formation of N,S, and/or adsorption complex 
of sulphur and nitrogen (having properties similar to N,S,) is formed on the 
surface of the sulphur deposit; the formation of this film may inhibit the 
excitation of sulphur and consequently the appearance of the glow even 
during the reversal of p. 


It is suggested that like its formation, the decomposition of sulphur 
nitride may depend on V-V,,. This is illustrated by the general result that 
at a constant applied V and high initial pressure of nitrogen, the rate of 
change in p indicative of the formation and decomposition of sulphur 
nitride is comparatively slow, as V,, increases with p and V-V,, is not large. 
p reaches the minimum rapidly and its relative recovery due to reversal is 
more pronounced as the initial pressure of N, 1s reduced progressively 
(Figs. 1 and 2). The constant maximum stage reached during the reversal 
may be attributed to the attainment of a steady state between the liberated 
gas and the undecomposed film. This is supported by the observation that 
on evacuating the ozoniser after p has reached the constant maximum due 
to reversal and re-exposing the film to discharge at a constant V in vacuum, 
an increase of p results. Relatively, however, the rate of increase of p falls 
on evacuating the system successively and re-subjecting the film to discharge, 
the exciting potential being kept constant throughout the series. 


Grateful thanks of the authors are due to Professor S. S. Joshi, D.Sc. 
(London), F.A.Sc., F.N.I., for suggesting the problem and for valuable 
guidance during the work. 


SUMMARY 


Results are given for the interaction of sulphur films with nitrogen at 
various initial pressures p (2-15 cm. Hg) and excited in the range 3 to 11 kV 


(50 cycles). The occurrence of the reaction only above a minimum 
A4 





| 
i 
i 


184 G. S. Deshmukh and S. Sirsikar 


‘threshold potential’ V,, and the dependence of its velocity, at a given V, 
on V-V,, are in accord with Joshi’s concept of the fundamental importance 
of V,, in discharge reactions.*** With a fresh film of sulphur, p and i 
decrease progressively, reach a minimum and increase again to a constant 
maximum stage almost synchronously on continued exposure to discharge. 
The reversal of p and i is more pronounced as V and 1/p are increased. The 
formation of sulphur nitride is observed. The time variation of p and i 
suggest that the ‘clean-up’ of nitrogen is due to the formation of nitrogen 
tetrasulphide and/or adsorption complex of sulphur and nitrogen. The 
disappearance of the glow at the minimum p stage and its non-observation 
during the reversal is attributed to the formation of a protective film of 
N,S, or/and adsorption complex on the sulphur film under the discharge. | 
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ELASTIC BEHAVIOUR OF QUARTZITE AND 
FUSED QUARTZ 
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(From the Department of Physics, Andhra University, Waltair) 


Received July 29, 1948 
(Communicated by Prof. S. Bhagavantam, F.A.sc.) 


1. INTRODUCTION 


QUARTZ occurs in Nature in various forms, chiefly in the crystalline state, 
and in the form of sand stones or quartzites. In the quartzites, the grains 
of quartz appear to be cemented together by infiltration of soluble silica. 
When the sections are examined microscopically, the quartz grains can 
usually be seen in the outline within an envelope of unfiltered and crystallized 
silica. In some cases the quartz grains are recrystallized. 


The present experimental investigation of the elastic behaviour of 
quartzite and of fused quartzis taken up to find, in the first instance, whether 
the former shows elastic isotropy or anisotropy. If the minute crystals 
composing the bulk of quartzite are oriented in a perfectly random manner, 
it is natural to expect a quasi-isotropic elastic behayiour in it. If, on the 
other hand, there is any preferred orientation, it would probably show a 
crypto-crystalline behaviour. 


Considerable work was done by Ide! on geological rocks in general 
and quartzites in particular in connection with the interpretation of observed 
elastic velocities in the rocks of the earth’s crust to infer its structure at 
inaccessible depths. His resuits are also given later in the paper for com- 
parison. 

The structure of the sample of quartzite under investigation shows an 
obvious non-uniform grain in the medium, with crevices and probably 
air cavities here and there. 

2. EXPERIMENTAL 


The method of investigating the elasticity of the sample is by sending 
an ultrasonic wave, using the wedge method developed in the Andhra Uni- 
versity laboratories.? Sections parallel to three orthogonal directions are 
cut from the sample of the rock and ground to plates of different uniform 
thicknesses, and placed in contact with a quartz wedge, driven by an ordinary 
Hartley oscillator of variable frequency, thus providing a continuous range 
of ultrasonic oscillations. When the frequency of the piezo-electric oscilla- 
tions coincides with the natural frequency (or a harmonic) of the plate itself, 
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it will be thrown into resonance vibrations. The resonance point is found 
by using the Debye-Sears’ method of detecting ultrasonic waves in a liquid. 


3. EXPERIMENTAL OBSERVATIONS AND RESULTS 


Before going into the quantitative results, a particular observation may 
be noted here. Considerable difficulty is experienced in sending an ultra- 
sonic beam through the quartzite plate and the diffraction pattern is rela- 
tively weaker with a quartzite plate than with a similar plate of fused quartz. 
A tentative explanation of the fact may be found in the non-uniform structure 
of the quartzite, and also because of the presence of cracks and cavities in 
the medium. Scattering of the elastic wave due to single grains or groups 
of grains on the one hand and the absorption of energy by the possible air 
cavities on the other might result in considerable weakening of the emergent 
ultranosic beam. It is pertinent to point out here that Rayleigh® has actually 
given a formula for the scattering of sound energy by each particle, namely, 

S‘A aT fiK 5 

CA mele ideas 9.2 
where S.A and I.A are the scattered and incident amplitudes, T, the volume 
of the grain, A the wave-length, K the elasticity of the medium, 5K the differ- 
ence in elasticity between the particle and the medium, p the densiiy of the 
medium, @ the angle between the direction of observation and that of the 
incident wave, R the distance of the particle from the point of observation. 
In this case, the difference in elasticity arises from both the different grain 
orientations and the structure of the medium. 


The results of the investigation on quartzite and fused quartz are given 
in the following table. The three Orthogonal directions are taken as 
OX,, OX,, OX 3. The elastic constant is given in units of 101! dynes/cm.? 

















TABLE | 
a : , Fundamental | ,,.,_ «,.- Effective 

No. | Description Thickness Density frequency in Velocity in elastic 

in m.m. g/cm. andes metres/sec. constant C's, 
| 

1 / to OX, 2-59 2-651 0-970 5024 6-69 

» £1 do 2°15 2-616 1-178 5065 6-71 

= & do 1-92 2-590 1-323 5.81 6-68 

= 4 | I/ to OX, 2-09 2-590 1-215 5077 6-68 

e 5 | - 1-76 2 +582 1-433 5099 6°71 

Oo 6 | 1-69 2-630 1-493 5047 6-70 

7 il? to OX, 2-21 2-620 1-140 5039 6-66 

8 2-25 2-588 1-125 5086 6-70 

1 ioe Fused quartz plate 1-51 2-210 1-662 5019 5-57 





























Elastic Behaviour of Quariaite and Fusea Quartz 


Average density of quartzite determined by using 


a lump of it in - .. 2:°646 g/cm.® 
Average velocity in quartzite wi .. 5065 metres/sec, 
Average elastic constant .. - .. 6°69 x 10" dynes/cm.? 


The experimental values of Ide are given in the following table for 
comparison. 











TABLE II 
£ Large cylinders | Smal cylinders 
} 
[=I 
Material r= l l 
5 Density | Velocity Density Velocity 
& g/cm.® | metres/sec. g/em.§ metres/sec. 
Pensylvania 1 2-66 5184 2-66 5033 
2 2°65 4895 2:67 4696 
3 2-64 4647 2-66 5003 




















The Young’s modulus E and the rigidity modulus n for fused quartz 
fibres are given in standard Tables. Taking the average of values given 
namely, E= 5:3 x 10" and n=3-0 x 10" and using the well-known 
formula applicable to isotropic bodies, we have 

n(4n—E 
(C11) iso a —_— = 5-43 x 10%). 
This result is in good agreement with the observed value for the fused quartz 
plate, namely 5-57 x 10%. 


4. DIsSCussION OF RESULTS 


From Table I, it is clear that the velocity of the elastic wave is nearly 
the same along the three directions X,, X, and X; within experimental errors. 
It is interesting to see that the above velocity is nearly equal to that of a 
sound wave in a fused quartz plate. The difference in the elastic constants . 
in the two substances arises on account of the large difference in the densities. 
It can also be seen from Table I that the elastic constants in quartzites are 
the same in all the three directions X,, X, and X3. 


The density differences from plate to prate of quartzite might be largely 
due to local variations of the irregular grain structure. 


In view of the above results in quartzite itself, it is legitimate to conclude 
that at least as far as elasticity is concerned, quartzite possesses what might 
be called a quasi-isotropic structure. The conclusion is further strengthened 
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by comparing the velocity in quartzite with that in fused quartz which is itself 
an isotropic medium. From this particular similarity, it is also reasonable 
to infer that the orientation of grains in quartzite is quite random. 


SUMMARY 


The velocities of an ultra-sonic wave are determined along three ortho- 
gonal directions in quartzite and from them the effective elastic constants 
are calculated. For comparison, the same have been determined in a plate 
of fused quartz. The velocities and the elastic constants in quartzite come 
out to be the same in the three directions. Further, the velocity in fused 
quartz is found to be very nearly equal to that in quartzite. It is therefore 
inferred that the orientation of quartz grains is random in quartzite. | 


In conclusion the author wishes to express his thanks to Prof. S. 
Bhagavantam under whose guidance this work was done. 
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THE name oroxylin-A was given by Shah, Mehta and Wheeler’ to a sub- 
stance that was isolated from the root bark of Oroxylum indicum having 
a melting point of 231-32°. It was considered to be a monomethyl ether 
of baicalein and based on its properties and colour reactions it was given 
the constitution of baicalein-6-methyl ether (I). In the root bark it was 
associated with baicalein which however could be removed easily because 
of its instability in alkali. 


The stem bark of the same plant was studied in detail by Bose and 
Bhattacharya. They showed that the colouring matter called oroxylin 
by earlier workers consisted of a mixture of three substances. They could 
isolate in a pure condition chrysin and baicalein and definitely show the 
presence of the 6-methyl ether of baicalein though they could not separate 
it from the mixture. From certain considerations which were not mentioned 
they inferred that this methyl ether should have a melting point lower than 
230°. After removing baicalein they subjected the remaining mixture to 
detailed fractionation and found that a very small fraction melting at 
220-23° was the nearest approach to the 6-methyl ether of baicalein (Found: 
methoxyl, 9-78; C,.H,.O; requires 10-92%). The preparation of the 
7-methy] ether of baicalein was described by Sastri and Seshadri.* Its pro- 
perties were different from those of oroxylin-A, thus eliminating this possi- 
bility. 

Since Shah, et al.,4 were unsuccessful in their attempt to synthesise 
oroxylin-A, getting wogonin instead, we proposed to provide confirmation 
of its constitution by the synthesis of its diethyl ether according to the scheme 
adopted earlier in the case of patuletin which is the 6-methyl ether of 
quercetagetin.* An authentic sample of oroxylin-A was required for this 
purpose and as it was not available, it was prepared from the root bark of 
Oroxylum indicum obtained from Travancore. Using the mcthod of the 
earlier workers it was easy to obtain the substance melting at 231-32° and 
free from baicalein. Though its methylation yielded baicalein trimethyl 
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ether fairly readily, its ethylation product melted low and indefinitely, and 
had to be repeatedly recrystallised a number of times in order to raise the [| 
melting point to that of a synthetic sample of 6-methoxy-5: 7-diethoxy- 
flavone. A similar difficulty was noted in regard to the acetylation product 
which did not melt sharp (m.p. 131-35°). Methoxyl estimation gave low 
values. It appeared therefore that the original substance was still a mixture 
though rather sharp melting. Very similar results were obtained when stem 
bark samples procured from Travancore as well as from Calcutta were [| 
extracted adopting the same procedure. Attempts were then made to sepa- 
rate the mixture by the chromatographic method; they were unsuccessful. 
Eventually fractional crystallisation of the acetates from ethyl alcohol was 
found to be satisfactory. The least soluble fraction melted high and yielded 
pure chrysin acetate on further crystallisation. The middle fraction yielded 
on further crystallisation a sharp melting acetate (139-40°) which had the 
correct composition of the diacetate of oroxylin-A, this name being retained 
for the 6-methyl ether of baicalein. On deacetylation using acid or alkali 
it yielded a sharp melting uniform sample having the correct composition 
required for the 6-methyl ether of baicalein. But the melting point was | 
219-20°, considerably lower than that found for the mixture. Its correct- : 
ness was confirmed in the following manner. From the methoxyl value [| 
of our sample melting at 231-2°, it could be estimated that it was roughly [| 
a mixture of 70 parts of oroxylin-A and 30 of chrysin. A mixture of this 
composition was made from pure entities and also another in the proportion 
of 60:40. The former melted at 233-4° and the latter at 236-7°. Though 
in these mixtures the major component was oroxylin-A ana chrysin may 


be considered to be an impurity, the melting points were definitely higher 
than that of pure oroxylin-A. 





The purified sample of oroxylin-A melting at 219-20° yielded a sharp 
melting acetate (139-40°) and a sharp melting diethyl ether readily. The 
latter was found to be identical with a synthetic sample of 6-methoxy-5: 7- 


diethoxy flavone (II), thus providing definite confirmation of the proposed 
constitution of oroxylin-A. 
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The synthesis started from phloroacetophenone which was first con- 
verted into the 4: 6-diethyl ether (III) by partial ethylation in acetone solu- 
tion using two moles of ethyl iodide and excess of anhydrous potassium 
carbonate (compare Row and Seshadri‘). This compound was earlier 
prepared by Kostanecki® by the partial de-ethylation of phloroacetophenone- 
triethyl ether with anhydrous aluminium chloride. When oxidised with 
potassium persulphate in alkaline medium it yielded 2: 5-dihydroxy-4: 6- 
diethoxy acetophenone (IV) which was also characterised by the preparation 
of its dibenzoate. The constitution of this dihydroxy compound arrived 
at by close analogies was further supported by its properties. It was then 
subjected to partial methylation to form 2-hydroxy-5-methoxy-4: 6-diethoxy- 
acetophenone. 


—OH 


eo C,H,0 \-on C,H,0— 
co-CH HO ) CO-CH | saa 
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(III) (IV) (Vv) 

Later two methods were adopted. The above ketone was condensed 
with benzoic anhydride and sodium benzoate according to the method of 
Allan and Robinson. In order to decompose the 3-benzoyl derivative that 
was formed, boiling with aqueous sodium carbonate was employed. The 
product gave appreciable colour with alcoholic ferric chloride indicating 
that some de-ethylation had occurred in the 5-position during the above 
condensation. It was therefore finally ethylated to yield (II). As the second 
alternative the ketone (V) was converted into the flavone (II) according to 
the procedure of Baker and Venkataraman. The same compound melting 
at 115-16° was obtained by both ways and as already mentioned it was 
identical with O-diethyl-oroxylin-A. 


From the results recorded above it could be concluded that the root 
as well as stem barks of Oroxylum indicum contain baicalein and chrysin 
along with oroxylin-A. Its correct melting point is 219-20° and its consti- 
tution as 6-O-methyl-baicalein is confirmed by the unambiguous synthesis 
of its diethyl ether. 


EXPERIMENTAL 
Extraction of the Root Bark of Oroxylum indicum 


The powdered root bark (1-5 kg.) was extracted in the cold with acetone 
for 48 hours. The extract was tapped off and the extraction repeated twice 
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again. The combined extracts were distilled to recover the solvent. The 
concentrate on allowing to stand for two days deposited a heavy yellow 
crystalline solid. It was filtered and washed with small amounts of cold 
acetone. Yield, 33-0 g. It sintered at 210° and melted at 222-4°. 


The crude product (10 g.) was crystallised twice from alcohol when it 
was obtained as a bright yellow crystalline solid. It was powdered well in 
a mortar and ground up thoroughly with 10% aqueous sodium hydroxide 
(50c.c.). The greenish blue mixture was transferred to a conical flask and 
treated with a further volume (200c.c.) of aqueous alkali. After shaking 
thoroughly it was left overnight. The heavy greenish blue precipitate was 
filtered off and a clear yellowish brown filtrate obtained. It was acidified 
with hydrochloric acid and the pale yellow solid precipitate recovered by 
filtration. It was crystallised twice from alcohol when the product was 
obtained as yellow shining narrow rectangular plates melting at 231-2°. 
Yield, 6:0g. (Found: CH,0, 7-2; CgH,,O, requires CH,O, 10-99%). 


Fractionation of Acetate 


The purified, dry product (6g.) was refluxed with acetic anhydride 
(30 c.c.) and fused sodium acetate (5 g.) for an hour and a half. The excess 
of acetic anhydride was then decomposed by adding the cold mixture to 
ice-water (200c.c.). The precipitated acetyl derivative was filtered, washed 
with water and crystallised from alcohol. The acetyl derivative was thus 
obtained as colourless needles melting between 131—135°. 


Fraction (i)—Chrysin Acetate 


The crude acetyl derivative was dissolved in just sufficient amount of 
boiling alcohol and filtered. On cooling, the filtrate deposited colourless 
crystals (1-5 g.) which formed fraction {i) and melted at 180-4°. It was 
crystallised twice from alcohol when the compound was obtained as colour- 
less wedge-shaped plates melting at 192-3°. The mixed melting point with 
an authentic sample of chrysin acetate was not depressed. When deacety]l- 
ated with alcoholic hydrochloric acid, it yielded pale yellow prismatic needles 
melting at 275-6° identical with an authentic sample of chrysin. 


Fraction (ii)—Acetate of Oroxylin-A 


The filtrate from fraction (i) was concentrated to half its original volume 
and was left aside. After a few hours. the crystalline solid that separated 
was filtered and washed with cold acohol. This fraction (ii) melted at 
137-38° and weighed 2-5g. When recrystallised twice from alcohol, it 
came out in the form of colourless long rectangular plates and rods melting 
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at 139-40°. There was no rise in the melting point after a further crystallisa- 
tion. (Found: C, 64-8; H, 4-5; CH,O, 8:7; CopH,.O, requires C, 65-2; 
H, 4:3 and CH,O, 8-4%). 
Fraction (iii) 

The mother liquor from fraction (ii) was further concentrated. Only 
a semi-solid mass could be recovered from it. On pressing it over a filter- 


paper, some solid was obtained, which melted indefinitely between 95 and 
105°. Further fractionation of this solid did not yield fruitful results. 


Oroxylin-A 


The hydrolysis of the acetate from Fraction (ii) was effected by two 
methods: (a) acid hydrolysis and (b) alkali hydrolysis. 


Acid hydrolysis.—The acetate (0:5 g.) was dissolved in alcohol (50 c.c.) 
and an equal volume of concentrated hydrochloric acid added; the mixture 
was refluxed for two hours. The alcohol was removed under reduced 
pressure when a solid product separated out. It was crystallised twice from 
alcohol when yellow elongated rectangular prisms were obtained melting 
at 219-20°. Further crystallisation did not improve the melting point. 


Alkali hydrolysis—The acetate (0-5 g.) was left overnight with 10% 
aqueous sodium hydroxide with occasional stirring. The solid which at first 
was insoluble, slowly went into solution. The clear reddish yellow solution 
was acidified next morning. The pale yellow solid, obtained thereby, was 
crystallised from alcohol. After two crystallisations, yellow elongated 
rectangular prisms were obtained melting at 219-20° which could not be 
improved further by crystallisation. The mixed melting point with 7-O- 
methyl-baicalein which also melts at this temperature was considerably 
depressed. (Found: C, 68-0; H, 4-4; CH,0, 10-5; C,.H,,0, requires 
C, 67:6; H, 4-2 and CH,O, 10:9%). Pure oroxylin-A gave with alcoholic 
ferric chloride an olive brown colour and with alcoholic lead acetate a yellow 
precipitate which dissolved in excess of the reagent. 


Another method of isolating chrysin from the mixture 


The sample (1 g.) melting at 231-2° was dissolved in acetic anhydride 
(5c.c.) and treated with hydriodic acid (d. 1-7; 10c.c.). After refluxing 
for 14 hours, the mixture was cooled, diluted with water and then saturated 
with sulphur dioxide. The bright yellow solid product was collected at 
the pump, washed with more sulphur dioxide-water and then transferred 
to aqueous sodium hydroxide (100c.c., 10%). The mixture was shaken 
thoroughly and left overnight. It was then filtered through a fluted filter 
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and the clear reddish yellow filtrate acidified with hydrochloric acid. A 
pale yellow solid separated out which after a crystallisation from alcohol 
was obtained as pale yellow prismatic needles melting at 275-6°. A second 
crystallisation from the same solvent did not improve the melting point. 
It did not also depress the melting point of an authentic sample of chrysin; 
yield, 0-3 g. 


O-Diethyl-oroxylin-A 


The sample of oroxylin-A (0-5 g.) melting at 219-20° was ethylated 
by refluxing with diethyl sulphate (2 c.c.) and anhydrous potassium carbonate 
(5 g.) in anhydrous acetone (50c.c.). After 20 hours, the solvent was dis- 
tilled off and the residue treated with water. The precipitated solid was 
filtered, washed with water and crystallised once from aqueous alcohol. 
The ethyl ether was readily obtained as colourless rectangular plates melting 
at 115-16° which was not depressed by a synthetic sample. Yield, 0-4. 
(Found: C, 70-3; H, 5-8; Cs »H.,O,; requires C, 70-6 and H, 5-9%). 


2-Hydroxy-4 : 6-diethoxy-acetophenone (III) 


Dry phloracetophenone (4-2 g.) was refluxed with ethyl iodide (4-3 c.c.) 
and anhydrous potassium carbonate (10g.) in acetone sofution (150c.c.). 
After 12 hours, the solvent was distilled off and water added to the residue. 
The resulting solid was collected, washed with water and then taken up in 
ether. The ethereal solution was extracted thrice with 5% aqueous sodium 
hydroxide. The combined extracts were acidified with dilute hydrochloric 
acid when the ethyl ether was precipitated as a practically colourless crystalline 
solid. It was filtered, washed and crystallised from dilute alcohol. The 
ketone was now obtained as colourless thin, broad, rectangular plates melt- 
ing at 86-87°. Its alcoholic solution developed an intense reddish brown 
colour with a drop of ferric chloride. Yield, 1 g. 


2: 5-Dihydroxy-4 : 6-diethoxy-acetophenone (IV) 


To a continuously stirred solution of the above ketone (3-5 g.) in aqueous 
sodium hydroxide (60c.c.; 10%) was added dropwise a solution of potassium 
persulphate (5 g.) in water (100 c.c.) during the course of 3 hours, the tempe- 
rature being maintained at 15-20° throughout the addition. After 24 
hours, the reddish brown solution was neutralised to litmus with hydrochloric 
acid and the unchanged ketone recovered by ether extraction. The liquid 
was then treated with sodium sulphite (5 g.) and concentrated hydrochloric 
acid (25c.c.) and heated at 90° for half-an-hour. On cooling a brownish 
yellow crystalline solid was deposited. When crystalised from alcohol, 
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2: 5-dihydroxy-4 : 6-diethoxy-acetophenone was obtained as yellow stout 
thombic prisms and melted at 130-1°. It was easily soluble in hot alcohol 
and acetone but insoluble in petroleum-ether. In alcoholic solution, the 
substance gave a transient green colouration with a drop of ferric chloride 
and with excess of the reagent a deep reddish brown colour. It gave no 
precipitate with lead acetate in alocholic solution. (Found: C, 59-9; 
H, 6-9; C,,.H,,O, requires C, 60-0; H, 6-7%). Yield, 0-8 g. 

The dibenzoyl derivative was prepared by heating the dihydroxy ketone 
with benzoyl chloride and pyridine on the water-bath. ‘The product was 
diluted with water, and the precipitated solid was filtered and crystallised 
from alcohol; m.p. 154-5°. (Found: C, 69-9; H, 5:5; C.gH,,O, requires 
C, 69-6 and H, 5-4%). 


Partial methylation of the above ketone 


The 2: 5-dihydroxy compound (IV) (1-6 g.) was dissolved in dry acetone 
(75 c.c.) and treated with acid-free dimethyl sulphate (0-7 c.c.) and anhydrous 
potassium carbonate (3 g.). After refluxing for 12 hours, the potassium 
salts were filtered and washed well with warm acetone. After distilling 
off the acetone from the filtrate, the residue was taken up in ether and 
extracted thrice with 5% aqueous alkali. The extracts were acidified with 
hydrochloric acid. The product was taken up in ether and the ether solu- 
tion dried over sodium sulphate. On removing the solvent a reddish-brown 
oil was obtained which did not solidify even on keeping in the refrigerator 
for 3 days. It was then treated with light petroleum (40—60°) when the 
unchanged dihydroxy compound along with some resinous impurity was 
left behind. The petroleum ether solution was carefully decanted and the 
solvent distilled off when the partial methyl ether was obtained as a bright 
yellow oil. Yield, 0-8g. It dissolved in aqueous sodium hydroxide to 
give an yellow solution and its alcoholic solution developed a violet-brown 
colour with a drop of ferric chloride. It did not solidify on standing or 
cooling and could not be further purified. It was used directly for the next 
stage of synthesis. 


6-Methoxy-5 : 7-diethoxy flavone (II): (a) Allan-Robinson Method 


An intimate mixture of the above partial methyl ether (V) (2 g.), benzoic 
anhydride (12 g.) and sodium benzoate (4 g.) was heated between 170-80°, 
under reduced pressure for three hours. The cooled mass was then refluxed 
with alcoholic potash (10%; 75c.c.) for 20 minutes and then after the removal, 
of the solvent by distillation under reduced pressure, dissolved in water 
and saturated with carbon dioxide. A dark brown solid separated out. 
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It was further boiled with aqueous alcoholic sodium carbonate (5%) for 
about two hours. After distillation of the alcohol and acidification the 
solid product was filtered and crystallised from alcohol using animal char- 
coal. It gave a green colouration with alcoholic ferric chloride indicating 
partial de-ethylation. So it was ethylated further using excess of ethyl 
sulphate and potassium carbonate in anhydrous acetone medium. After 
refluxing for 12 hours the solvent was distilled off and water added to the 
residue. A brownish white solid separated out. It was crystallised from 
aqueous alcohol when 6-methoxy-5:7-diethoxy flavone was obtained as 
colourless narrow rectangular plates melting at 115-6°. It gave no colour 
with ferric chloride in alcoholic solution and did not dissolve in aqueous 
akali. (Found: C, 70-5; H, 5-8; CopH2,O; requires C, 70-6; H, 5-9%). 


(b) Baker and Venkataraman Method 


Benzoylation.—The partially methylated ketone (V) (1-5 g.) was benzoy- 
lated by heating with benzoyl chloride (1 c.c.) and pyridine (8c.c.) on the 
water-bath for 30 minutes. The benzoyl derivative separated out as a pale 
brown oil when the mixture was diluted with ice-cold dilute hydrochloric 
acid. It was taken up in ether and washed with 3% aqueous sodium hydro- 
xide in order to remove any unchanged ketone and benzoic acid and then 
with very dilute hydrochloric acid and water. After drying over calcium 
chloride, the ether was removed when the benzoyl derivative was obtained 
as a practically colourless semi-solid mass. Yield, 1-5g. It was insoluble 
in aqueous alkali and gave no colour with alcoholic ferric chloride. Various 
attempts at crystallisation from alcohol, alcohol-benzene mixture, and 
petroleum ether-acetone mixture failed. It was, therefore, directly employed 
for conversion into the dibenzoyl methane. 


Transformation.—The foregoing benzoyl derivative was heated with 
finely powdered sodamide (10 g.) in dry toluene medium on the water-bath 
for four hours with frequent shaking. The solid sodium derivative was 
then filtered, washed well with warm benzene and after drying added in 
small quantities to ice-water. After the exces of sodamide had completely 
decomposed, the bright yellow solution was saturated with carbon dioxide. 
The dibenzoyl methane was obtained as an orange yellow oil. It was taken 
up in ether and dried over sodium sulphate. When the solvent was removed 
again a bright yellow oil was obtained. It did not crystallise on standing 
or cooling. It easily dissolved in aqueous alkali and gave a deep reddish 
brown colour with a drop of ferric chloride. Yield, 0-9 g. 


Ring closure—The above dibenzoyl methane (0-7 g.) was treated with 
glacial acetic acid (8c.c.) and anhydrous sodium acetate (2g.) and the 
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mixture gently refluxed for 4 hours. After dilution with water, it was 
extracted with ether, the ether layer shaken with sodium hydroxide to remove 
acetic acid and any phenolic material. After washing with very dilute 
hydrochloric acid and water, the ether solution was dried over calcium 
chloride and the solvent removed. The flavone was obtained as a colourless 
oil which solidified on keeping in the refrigerator for 12 hours. It crystal- 
lised from petroleum-ether-acetone mixture as narrow rectangular plates 
and flat needles melting at 115-116°. It was insoluble in aqueous alkali 
and gave no colour with alcoholic ferric chloride. It agreed in every respect 
with the sample obtained by the Allan-Robinson method. 


SUMMARY 


The experiments described in this paper show that a pure sample of 
oroxylin-A melts at 219-20° (acetate, 139-40°), that the substance melting 
at 231-32° is a mixture of it with chrysin and that this mixture could be 
separated by fractionation of the acetates. The constitution of oroxylin-A 
as the 6-methyl ether of baicalein is confirmed by ethylating it to the diethyl 
ether and showing that the product is identical with a synthetic sample of 
6-methoxy-5: 7-diethoxy flavone. The details of the synthesis are given. 


Our thanks are due to Miss A. Kameswaramma, M.Sc., for verifying 
some of the results. 
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DESPEDICELLIN was obtained by the action of hydriodic acid on pedicellin, 
pedicin and pedicinin.? It was given the pentahydroxy chalkone structure 
(I). A substance of this constitution would normally be expected to have 
a bright red colour but despedicellin is only a pale straw yellow crystalline 
substance. This property would suggest that it is a flavanone (II) which 
should also be expected in accordance with the observations recorded in 
Part I of this series? and the explanations offered. Owing to the formation 
of hydrogen bonds, whenever there are two hydroxyl groups in the 2: 6- 
positions of a chalkone it should be expected to undergo ready conversion 
into the flavanone which has a high degree of stability. 
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The position seems to be quite similar in the case of dihydropedicinin 
obtained by the reduction of pedicinin using stannous chloride and hydro- 
chloric acid.* Since the constitution of pedicinin has been conclusively 
shown to be that of a hydroxy-quino-chalkone (III),* it follows that the 
reduction product should be either a tetrahydroxy chalkone (IV) or the 
corresponding flavanone (V). The lack of prominent colour even in this 
case would indicate that dihydropedicinin is also a flavanone (V). 


In the course of the work presented in this paper a detailed study of 
the properties of these compounds has been made in order to get more 
precise information regarding their constitution. Methylation in stages 
using dimethyl sulphate and potassium carbonate as was described in Part I? 
in connection with naringin and naringenin was first attempted. Using five 
molecular proportions or excess of dimethyl sulphate despedicellin could 
now be readily and completely methylated to pedicellin though reports of 
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unsuccessful attempts were made by earlier authors. But partial methyla- 
tion with three molecular proportions of this reagent to yield the 5-hydroxy 
flavanone derivative has not been quite successful owing to its low melting 
point and high solubility in organic solvents. Hence the use of diazomethane 
has been examined next. It is well established that this reagent does not 
attack the 5-hyndroxyl group of flavanones even when used in excess. By 
its action on despedicellin or dihydropedicinin is obtained the same com- 
pound melting at 99-100° and having only a very pale yellow colour. It 
has three methoxyl groups in the molecule and gives a prominent green 
colour with ferric chloride. All these properties agree with the structure 
of 6:7: 8-trimethoxy-S-hydroxy flavanone (VI). If the above compounds 
were chalkones, a tetramethyl ether would have resulted. 
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Further the trimethyl ether (VI) undergoes oxidation with nitric acid 
to form a quinone (VII) which is identical with the substance obtained by 
the oxidative demethylation of 5:6:7:8-tetramethoxy flavanone (VIII). 
This last mentioned compound (VIII) is prepared by the methylation of 
despedicellin (II) using four molecular proportions of dimethyl sulphate 
and cyclising the resulting tetramethoxy chalkone (IX) by means of alco- 
holic hydrochloric acid. 


The formation of the chalkone derivative (IX) from despedicellin (II) 
is in line with similar observations made in the case of naringin and narin- 
genin,? where also the flavanone ring was found to open out under the 
conditions of this methylation as soon as the 5-hydroxyl group gets methyl- 
ated. The tetramethoxy chalkone (IX) is an orange coloured liquid giving 
a reddish brown colour with alcoholic ferric chloride. The tetramethoxy 
flavanone (VIII) obtained from it is colourless and does not exhibit any 
colour with ferric chloride but when treated with alkali it readily gets con- 
verted into the chalkone (IX). It is interesting that this flavanone (VIII) 
undergoes simple oxidative demethylation giving 6:7-dimethoxy-quino- 
flavanone (VII) as the main product. In this respect the tetramethoxy flavanone 
resembles the corresponding members of the flavone series (e.g., calycopterin 
dimethyl ether) which also give rise to methoxy quinones.5 But in the 
reaction with the flavanone a small quantity of pedicinin is also obtained as 
a result of the reaction going further involving opening of the ring and 
demethylation of another methoxyl group. The important point to be 
noted is that the quinone obtained from the tetramethoxy flavanone (VIII) 
is different from pedicinin and methyl pedicinin and has two methoxyl groups 
and thus is undoubtedly a flavanone derivative. The identity of this com- 
pound with the one obtained from the trimethyl ether (VI) resulting from 
despedicellin and dihydropedicinin should be taken as an additional proof 
of the flavanone nature of this partial methylation product and consequently 
of the original compounds, despedicellin and dihydropedicinin. 


The action of benzoquinone on these two compounds has been next 
investigated. In agreement with the behaviour of similar compounds in 
the flavone series,* despedicellin does not form any sparingly soluble quinone. 
On the other hand, dihydropedicinin readily yields the corresponding 
quinone (X}, with this reagent. It is a deep orange coloured crystalline 
solid which is quite different from pedicinin but is isomeric. It can be con- 
verted into the latter by treatment with alkali and it is therefore named 
allopedicinin since the name isopedicinin has earlier been employed in 
another connection.* It could also be readily methylated with diazomethane 
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to yield a monomethyl derivative, 6: 7-dimethoxy-quino-flavanone (VII) 
which has been already mentioned. This last mentioned quinone can fur- 
ther be reduced by means of sulphurous acid to the corresponding quinol 
(XI) and the reverse oxidation can be effected using benzoquinone. These 


reactions are again explicable only on the flavonone structure for these 
compounds. ° 
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Yet another unequivocal evidence is provided by the determination of 
active hydrogen atoms using magnesium methyl iodide. Despedicellin 
gives evidence for the presence of only four hydroxyl groups and dihydro- 


pedicinin for only three. The chalkone constitution would require one 
more active hydrogen atom for each of them. 


Since support for the flavanone structure for despedicellin and dihydro- 
pedicinin rests upon the constitution of the tetramethoxy compound (VIII) 
it has been felt necessary to confirm its structure as a flavanone. This has 
been done by converting it into the corresponding flavonol (XII) by means 
of isoamyl nitrite and hydrochloric acid. The 3-hydroxy compound (XII) 
thus obtained on methylation yields the already known pentamethyl ether 
(XIII) of 6: 8-dihydroxy-galangin.’ 


In an earlier publication‘ it was concluded that isopedicin is 6-hydroxy- 
5:7: 8-trimethoxy flavanone (XIV) and in support of this constitution it 
was pointed out that it could be obtained from pedicin by the ordinary 
chalkone-flavanone conversion and could be changed into pedicin easily 
by treatment with dilute alkali. In confirmation of this it is now shown 
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that it could be readily methylated with diazomethane and the product is 
5:6:7:8-tetramethoxy flavanone (VIII). 


EXPERIMENTAL 
Despedicellin (IT) 

The following is a more convenient method of preparation than that 
described by Sharma and Siddiqui. Pedicellin (5 g.) was dissolved in acetic 
anhydride (10c.c.), hydriodic acid (20c.c., d. 1-7) added and the mixture 
boiled for 14 hours. During the later stages of the reaction a considerable 
amount of a crystalline solid separated out. The mixture was cooled, 
diluted with water and the free iodine removed by adding sodium sulphite. 
It was then heated to boiling, cooled and the pale yellow glistening crystals 
filtered. Yield 3-3g. When recrystallised from hot alcohol, despedicellin 
separated out as pale yellow glistening micaceous plates melting at 255—56°. 
(Found: C, 55-4; H, 5-2; C,;H,,0,, 2H,O requires C, 55-6; H, 4-9%.) 


It was sparingly soluble in alcohol and ether. When one drop of 
aqueous ferric chloride was added to an alcoholic solution of the substance 
a dark greenish blue colour was produced; the solution soon changed 
almost colourless and slowly developed a pale brown violet colour. The 
changes were markedly accelerated by the addition of another drop of the 
reagent. It was sparingly soluble in aqueous sodium bicarbonate. In 5% 
aqueous sodium carbonate it dissolved to a greenish yellow solution which 
changed to orange yellow. The colour reaction with caustic alkali seems 
to vary with the strength of the reagent and other conditions of observation. 
In 5% sodium hydroxide, the initial yellow colour changed on shaking to 
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greenish yellow and olive green which became brown red and orange and later 
faded slowly. When treated with p-benzoquinone in alcoholic solution an 
intense red colour was obtained which slowly faded to pale brown in the 
course of a few minutes. With lead acetate in alcoholic solution was formed 
a deep orange red precipitate which soon changed to dirty brown and later 
bluish green. The subsance was stable when boiled in alcoholic solution 
from which it can be best crystallised. 


Complete methylation of despedicellin: Pedicellin 


A solution of despedicellin (1 g.) in anhydrous acetone (50c.c.) was 
treated with dimethyl sulphate (3c.c.) and potassium czrbonete (8 g.). 
After refluxing the mixture for 10 hours, the solvent was completely distilled 
off and the residue treated with water (50c.c.). The mix‘ure wes cooled 
in ice water for 30 minutes, the undissolved white solid was filtered, washed 
and dried. Crystallisation from ligroin gave colourless rectangular prisms 
melting at 97-98°. It was identical with pedicellin. 


Partial methylation of despedicellin 


(i) With diazomethane : 5-Hydroxy-6: 7: 8-trimethoxy flavanone (VI).—A 
solution of despedicellin (0-8 g.) in a mixture of absolute alcohol (10 c.c.) 
and ether (20c.c.) was treated with an ethereal solution of diazomethane 
prepared from nitrosomethyl urea (2-8 ¢.). The methylating agent was 
added in small lots with cooling in ice during 10 minutes. The initial brown 
colour of the solution changed to pale yellow and the reaction mixture was 
then kept in an ice-chest for 2 days, the container being closed with a one- 
holed cork carrying a capillary tube to allow for the escape of gases evolved. 
The solvents were completely distilled off and the residue taken up in hot 
ligroin. On concentrating this solution and cooling in ice-water for a few 
hours the methyl ether crystallised. It was purified by recrystallisation from 
ligroin from which it separated out in the form of pale yellow prismatic 
needles melting at 99-100° (Found: C, 65-7; H, 5-8, OCH3;, 28-7; C,,Hg0, 
requires C, 65-5; H, 5-5; methoxyl for 3 OCH3, 28-2%). It was readily 
soluble in most organic solvents and sparingly in cold ligroin. In alcoholic 
solution it gave a stable intense green colour with ferric chloride. It was 
not soluble in cold aqueous sodium hydroxide but dissolved on heating to 
give deep yellowish brown solution. 


(ii) With dimethyl sulphate: 2-hydroxy-3: 4:5: 6-tetramethoxy chalkone 
(IX).—A mixture of despedicellin (3 g.), dimethyl sulphate (4c.c.), acetone 
(50 c.c.) and anhydrous potassium carbonate (10 g.) was refluxed for 8 hours. 
The solvent was distilled off and the brown residue treated with water (100 c.c.). 
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The mixture was extracted twice with ether and the ether extract marked (A) 
was shaken repeatedly with 5% sodium hydroxide. On acidifying the com- 
bined alkaline extracts with concentrated hydrochloric acid an orange yellow 
liquid was formed. It was extracted with ether, the ether extract dried over 
anhydrous sodium sulphate and distilled; 2-hydroxy-3: 4: 5: 6-tetramethoxy 
chalkone separated out as a thick orange yellow oil. It did not crystallise 
even on keeping for a long time in the ice-chest. It was sparingly soluble 
in aqueous sodium hydroxide and in alcoholic solution it gave a deep reddish 
brown colour with ferric chloride. Yield, 1-5g. Without further purifica- 
tion it was directly used for flavanone ring closure. 


The alkali treated ether extract (A) on evaporation left a brown viscous 
semi-solid. It was digested with hot aqueous sodium hydroxide and cooled. 
The light brown solid was filtered from the alkaline solution and crystallised 
from ligroin. It formed colourless rectangular prisms melting at 97-98° 
and was identical with pedicellin. Yield 1g. 


Attempts were made to prepare this tetramethoxy-chalkone by the 
partial demethylation of pedicellin using hydrobromic acid in glacial acetic 
acid solution. But they were not successful. From the mixture that was 
formed despedicellin alone could be isolated pure. 


5:6:7:8-Tetramethoxy flavanone (VIIT) 


A solution of 2-hydroxy-3: 4:5: 6-tetramethoxy chalkone prepared as 
described above (1 g.) was dissolved in alcohol (25c.c.) and the solution 
treated with concentrated hydrochloric acid (2 c.c.) and water (10c.c.). The 
mixture was gently refluxed for 24 hours and at the end of this period the 
alcohol was distilled off as far as possible under reduced pressure. The 
residue was poured into water (50c.c.) and the mixture extracted twice with 
ether. The ether extract was washed with 5% aqueous sodium hydroxide 
twice to remove the unchanged chalkone. The extract was finally washed 
with water, dried over anhydrous sodium sulphate and distilled. The very 
pale yellow liquid product that was left behind soon became crystalline. It 
was recrystallised from ligroin from which it separated out in the form of 
colourless broad rectangular plates melting at 78-79° (Found: C, 66:4; 
H, 6:2; OCH3, 35°5; CygH2 90, requires C, 66-3; H, 5-8; 4 OCHs, 36-0°%). 


It was easily soluble in most organic solvents and sparingly in ligroin. 
It did not give any colour with ferric chloride in alcoholic solution. It did 
not dissolve in cold aqueous sodium hydroxide but on heating dissolved to 
give a bright yellow solution. The recovered chalkone could be used again 
for the conversion into the flavanone. 
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(ii) A solution of isopedicin* (made from pedicin) (0-5 g.) in ether 
(25c.c.) was treated with an ethereal solution of diazomethane from nitro- 
somethyl urea (0-5 g.). The reaction mixture was kept in the ice-chest for 
two days and the solvent completely distilled off. The residual pale yellow 
liquid was taken up in ether and shaken with dilute aqueous sodium hydro- 
xide which removed the unchanged isopedicin. The ether solution was 
washed with water, dried over anhydrous sodium sulphate and distilled. 
The tetramethoxy flavanone left behind soon crystallised. On recrystal- 
lisation from ligroin it separated out in the form of colourless broad rect- 
angular plates melting at 78-79° alone or in admixture with the 5: 6:7: 8- 
tetramethoxy flavanone prepared from the corresponding chalkone. 


3-Hydroxy-5 : 6: 7: 8-tetramethoxy flavone (XII) 


A solution 5:6:7:8-tetramethoxy flavanone (0-5g.) in alcoho] 
(20c.c.) was heated to boiling and the hot solution was treated alternately 
with freshly prepared amyl nitrite (6 c.c.) and concentrated hydrochloric acid 
(20c.c., d. 1-19) during the course of half an hour while keeping the mixture 
gently boiling. The deep red reaction mixture was set aside for two hours 
and poured into water (200c.c.). After cooling in the ice-chest overnight 
the yellow semi-solid mass was separated by filtration, washed with water 
and taken up in ether. The ether solution was dried over anhydrous sodium 
sulphate and distilled. The yellow liquid left behind crystallised on keeping 
in contact with a little ether. On recrystallisation from a mixture of ether 
and light petroleum it separated out as glistening yellow rectangular plates 
melting at 131-32° (Found: C, 63-4; H, 5-5; C,gH,,O, requires C, 63-7; 
H, 5-0%). It was sparingly soluble in aqueous sodium hydroxide and in 
alcoholic solution it gave a violet brown colour with ferric chloride. Yield, 
0-1g. On acetylation it yielded the acetyl derivative which crystallised 
from a mixture of benzene and ligroin as colourless rectangular plates melt- 
ing at 122-23°. 


3: 5:6: 7:8-Pentamethoxy flavone (XIII) 


3-Hydroxy-5 : 6: 7: 8-tetramethoxy flavone (0-1 g.) was methylated in 
anhydrous acetone (25c.c.) by refluxing with dimethyl sulphate (0-3 c.c.) 
and potassium carbonate (2g.) for 10 hours. The potassium salts were 
filtered off, washed with hot acetone and the combined acetone filtrate dis- 
tilled. The residue crystallised soon on adding a few drops of water. It 
was recrystallised from a mixture of ether and light petroleum when it sepa- 
rated out as colourless rectangular plates melting at 88-89°. It wes identical 
with 3:5:6:7:8-pentamethoxy flavone described by Seshedri and 
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Venkateswarlu’ and the mixed melting point was undepressed. The sample 
prepared by the older method when crystallised as given above melts at this 
higher temperature instead of at 80-82°. 

Dehydrogenation of dihydropedicinin (V) to allo-pedicinin (X) 

A solution of dihydropedicinin® (0-5 g.) in alcohol (5c.c.) was diluted 
with ether (50c.c.) and treated with pure p-benzoquinone (0-5g.). The 
pale yellow colour immediately changed to deep red and in a few minutes 
orange red shining crystals began to separate out. After keeping the reac- 
tion mixture for 3 hours at the laboratory temperature, the crystalline solid 
was filtered and washed with small quantities of ether. The filtrate cone 
tained quinhydrone and the unchanged benzoquinone mostly. The quinon- 
on the filter (Yield, 0-35 g.) was recrystallised twice from benzene from which 
it separated out in the form of glistening orange red feathery rhombic plates 
melting at 183-84° (Found: C, 64:0; H, 4-3; C,gH;.O, requires C, 64-0; 
H, 4:0%). It was sparingly soluble in ether but dissolved more easily in 
benzene and ethyl acetate. In distilled water and alcohol it dissolved to 
give a stable permanganate colour. With ferric chloride in alcoholic solu- 
tion the purple colour changed to brown and with lead acetate an imme- 
diate flesh-coloured precipitate was formed. 


Conversion of allo-pedicinin (X) into pedicinin (III) 


Allo-pedicinin prepared as described above (0-1 g.) was treated with 
10% aqueous sodium hydroxide (Sc.c.). The solid readily dissolved to a 
purple solution which immediately changed to red. After two minutes the 
solution was acidified with concentrated hydrochloric acid. The orange 
red crystals that separated out in a few minutes were collected by filtration, 
washed well with water and dried. Crystallisation from benzene gave deep 
red rectangular plates melting at 202-3°, alone or in admixture with an 
authentic sample of pedicinin. 


Methylation of allo-pedicinin (X) to 6: 7-dimethoxy-5 : 8-quino-flavanone (VII) 


A solution of allopedicinin (0-3 g.) in alcohol (10c.c.) was treated with 
an ethereal solution of diazomethane prepared from nitrosomethyl urea 
(0-6 g.), added in small portions while cooling in ice. During the later 
stages of the addition an orange coloured crystalline solid separated out. 
The mixture was left in the ice-chest overnight. The dimethoxy quinone 
that separated out was filtered off and washed well with ether. The filtrate 
on evaporation did not give any crystalline substance. The quinone was 
purified by recrystallisation from ethyl acetate when it separated as glistening 
orange rectangular plates melting at 189-90° (Found: C, 65:4; H, 4-8; 
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C,,H;4O, requires C, 65:0; H, 4:5%). Yield, 0-26g. Unlike allopedi- 
cinin, the dimethoxy quinone was not soluble in water and it did not also 
give any colour with alcoholic ferric chloride. It slowly dissolved in aqueous 
sodium hydroxide to an orange red solution. 


5: 8-Dihydroxy-6: 7-dimethoxy flavanone (XI) 


A solution of 6:7-dimethoxy-5:8-quino-flavanone (VII) described 
above (0:1 g.) in glacial acetic acid (2.c.c.) was treated with sodium sulphite 
(0-5 g.). On heating for a few seconds the red colour of the solution 
changed to brownish yellow. The solution was diluted after two minutes 
with water (50c.c.) and the yellow solid that separated out was collected, 
filtered, washed and dried. Crystallisation from ethyl acetate gzeve glisten- 
ing yellow rectangular prisms melting at 212-14° (Found: C, 65-0; H, 5-4; 
C,,H;,O, requires C, 64-6; H, 5-1%). In aqueous sodium hydroxide it 
readily dissolved to a deep orange red solution. With ferric chloride in 
alcoholic solution it gave a brown colour. 


Partial methylation of dihydropedicinin (V) to 5-hydroxy-6: 7: 8-trimethoxy 
flavanone (VI) 


Dihydropedicinin (0-4 g.) was dissolved in a mixture of alcohol (10c.c.) 
and ether (20c.c.) and the solution treated with an ether solution of diazo- 
methane made from nitrosomethyl urea (1-2g.). The methylation wes 
carried out just as in the case of despedicellin. The product was taken up 
in ether and dried over anhydrous sodium sulphate. On evaporating the 
ether a pale yellow liquid was obtained which crystallised slowly on keeping 
in the ice-chest for some time. It was recrystallised from ligroin when it 
separated out in the form of very pale yellow prismatic needles melting at 
99-100°- Mixed melting point with 5-hydroxy-6: 7: 8-trimethoxy flava- 
none prepared from despedicellin using diazomethane was not depressed. 
It was sparingly soluble in aqueous sodium hydroxide and gave an intense 
green colour with ferric chloride in alcoholic solution. Yield, 0-15 g. 


6: 7-dimethoxy-5 : 8-quino-flavanone (VII) 
(a) From 5: 6:7: 8-tetramethoxy-flavanone (VIIT) 


A solution of 5:6:7:8-tetramethoxy flavanone (0-1 g.) in anhydrous 
ether (10c.c.) was treated with fuming nitric acid (0-5c.c.). The acid had 
to be added cautiously drop by drop while cooling the mixture in ice-water 
as otherwise a violent reaction resulted. On keeping stoppered for 15 
minutes, the reaction mixture deposited orange red crystals of the quinone. 
It was filtered off and washed well with ether. The solid was macerated with 
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5% sodium carbonate solution for a few minutes, filtered, washed with water 
and recrystallised from ethyl acetate. It formed orange rectangular plates 
melting at 189-90° alone or in admixture with 6: 7-dimethoxy-5 :8-quino 
flavanone prepared by the methylation of allopedicinin. 


(b) From 5-hydroxy-6: 7: 8-trimethoxy flavanone (VI)— 


The above flavanone (0-1 g.) in anhydrous ether (5c.c.) was treated 
with fuming nitric acid (0-2¢.c.). The product was worked up just as in 
the previous experiment. On crystallisation from ethyl acetate it was 
obtained as orange rectangular plates melting at 188-90° alone or in admixture 
with the sample obtained as above. 


Estimation of active hydrogen 


Methyl magnesium iodide was prepared in isoamyl ether solution 
(100 c.c.) using magnesium (6 g.) and methyl iodide (25 g.). Despedicellin 
and dihydropedicinin were dried in an air oven at 110-20° for 2 hours and 
about 0-5g. of each was weighed out accurately and dissolved in pure 
anhydrous anisole (12c.c.). The volume of methane generated by the addi- 
tion of 5c.c. of the above reagent was measured using a gas burette. (Found: 
Number of hydroxyl groups in despedicellin 4-12 and in dihydropedicinin 
3-03. Required for the flavanone structure 4-00 and 3-00 and for the 
chalkone structure 5:00 and 4-00 hydroxyl groups for despedicellin and 
dihydropedicinin respectively.) 


SUMMARY 


Though despedicellin and dihydropedicinin are prepared from chalkones 
and were earlier given the chalkone constitution, their properties indicate 
that they are flavanones. This constitution is also in accordance with the 
recent discovery of the new effect of hydrogen bonds on the stability of 
flavanones. It is confirmed by the following experiments. (1) The two 
compounds undergo partial methylation with diazomethane yielding 5- 
hydroxy-6 : 7: 8-trimethoxy-flavanone which forms with nitric acid 6:7- 
dimethoxy-quinoflavanone identical with the sample obtained from 
5:6: 7: 8-tetramethoxy flavanone. (2) Dihydropedicinin undergoes oxida- 
tion with p-benzoquinone to form allopedicinin which is different from 
pedicinin. Methylation of-.this with diazomethane yields 6: 7-dimethoxy- 
quinoflavanone. (3) The estimation of active hydrogen atoms agrees with the 
flavanone and not chalkone structure for these two compounds. That 
isopedicin is also a flavanone is confirmed by its methylation with diazo- 
methane to 5:6:7:8-tetramethoxy flavanone. The constitution of the 
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jmportant reference compound, tetramethoxy flavanone is established by 
its conversion into the corresponding flavonol. 
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NUCLEAR OXIDATION IN FLAVONES AND 
RELATED COMPOUNDS 


Part XVI. A New Synthesis of Myricctin 


By K. VISWESWARA RAO AND T. R. SESHADRI 
(From the Department of Chemistry, Andhra University, Wailtair) 


Received September 7, 1948 


In Part XV’ it was pointed out that ortho-oxidation in the side phenyl nucleus 
of flavones does not take place to any appreciable extent with alkaline per- 
sulphate and in fact this method of ortho-oxidation is unsatisfactory even 
in the case of simpler benzene derivatives. The conclusion was therefore 
drawn that an alternative method of oxidation should be available for this 
purpose. Persulphate as a reagent has been shown to be very similar to 
hydrogen peroxide* and its action may be considered to be a single stage 
oxidation process introducing directly a hydroxyl group in a reactive nuclear 
position. It is quite satisfactory for para oxidations and probably most 
para oxidations in nature take place by this direct process. For the majority 
of ortho-oxidations, however, this is unsuitable. They appear to proceed 
by a multi-stage process involving (1) introduction of an aldehyde group 
and (2) its replacement by a hydroxyl group. Hexamine and hydrogen 
peroxide used in the exploratory experiments described in Part XV seem _ to 
represent phytochemical reagent closely; this point will be discussed in 
detail later. 


in the exploratory experiments on ortho-oxidation, as the most favour- 
able example, the conversion of 3-methoxy-7-hydroxy flavone into 3-methoxy- 
7: 8-dihydroxy flavone was studied. The results were highly successful 
and the yields quite good, being about 60% as against a maximum of 20% 
in the persulphate method. As the most appropriate example from the 
point of view of biogenesis, the synthesis of myricetin from a quercetin deri- 
vative has now been attempted. Quercetin-3: 5:7: 3’-tetramethylether (I) 
required for this purpose was described earlier as a stage in the synthesis 
of rhamnazin.* In the course of repetitions of its preparation a colourless 
by-product insoluble in alkali could be isolated. It is identified as galangin 
trimethyl ether. Its formation seems to be connected with the behaviour 
of the benzoyloxy groups in the reagents. In this connection may be men- 
tioned the earlier observation of Allan and Robinson‘ that by heating w- 
methoxy-phloroacetophenone with o-acetoxybenzoic anhydride and sodium 
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o-acetoxybenzoate, the acetoxy groups alone functioned and that the product 
was 3-methoxy-5 : 7-dihydroxy-2-methylchromone. In the present case such 
reaction seems to proceed only to a minor extent. The quercetin tetra- 
methyl ether reacts with hexamine readily and yields the corresponding 
5’-aldehyde (II) which exhibits the characteristic reactions of an ortho- 
hydroxy aldehyde. Its oxidation with alkaline hydrogen peroxide produces 
myricetin tetramethyl ether (III) in very good yields. Like other catechols 
it gives characteristic colour reactions and reacts with methylene sulphate 
to form a methylene-dioxy compound (IV) analogous to kanugin. This 
product may be called 5-methoxy-kanugin; its constitution is definitely 
confirmed by its synthesis from w: 4: 6-trimethoxy-2-hydroxy acetophenone 
and the sodium salt and anhydride of myristicic acid. When, on the other 
hand, the catechol is methylated myricetin hexamethyl ether (V) and when 
demethylated myricetin (VJ) itself are obtained. 











(IV) (Vv) (VI) 

Besides the experimental verification of the multi-stage theory of 
ortho-oxidation given above, closely related examples have also been 
examined successfully and they will be reported as early as possible. It 
may be useful to discuss here the choice of the reagents and their appro- 
priateness for the theory of biogenesis. Since hexamine could be consi- 
dered to be a convenient form of formaldehyde, then this aldehyde and hydro- 
gen peroxide are the reagents involved in this type of oxidation and their 
availability in phytochemical processes can be granted. In regard to the 
action of formaldehyde it was suggested earlier in connection with the bio- 
genesis of Lichen Acids,® that it is responsible for the introduction of the 
carbinol (CH,OH), aldehyde (CHO) and related groups in certain active 
nuclear positions. The first would represent the earliest stage and as well 
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known laboratory analogies could be mentioned the condensation of formalin 
with phenol, guaiacol, p and o-cresols,* and with m-hydroxy benzoic acid’ 
yielding the corresponding benzyl alcohols or their derivatives. The next 
stage, i.e., conversion of the carbinol into aldehyde can also be brought 
about by formaldehyde. In the laboratory synthesis with hexamine such 
an oxidation is evidently involved. A process somewhat analogous to the 
Meerwein-Pondorff reaction could be suggested for the conversion of 
alcohol (VIII) into aldehyde (IX) by means of formaldehyde though the 
possibility of other oxidising agents available in the plant taking part in this 
oxidation also exists. 
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(VI) (VIII) 

Regarding phytochemical nuclear oxidation the position could now be 
stated as follows. The single stage process is quite satisfactory for the para; 
though it may not be precluded for the ortho it is inefficient. The multi- 
stage process on the other hand works very well for ortho-oxidation and it 
seems to be equally available for para oxidation. 


EXPERIMENTAL 


Condensation of w:4:6-trimethoxy-2-hydroxy-acetophenone with the an- 
hydride and potassium salt of benzoyl vanillic acid 


An intimate mixture of w: 4: 6-trimethoxy-2-hydroxy-acetophenone 
(2 g.), benzoyl vanillic anhydride (8 g.) and potassium benzoyl vanillate (3 g.) 
was heated under vacuo for 3 hours at 180°. The product was finely pow- 
dered and refluxed with 10% alcoholic potash (80c.c.) for 30 minutes. The 
solvent was distilled off, the residue treated with water and the solution 
filtered from an insoluble yellowish grey soild (A). The filtrate on satura- 
tion with carbon dioxide gave quercetin 3: 5:7: 3’-tetramethyl ether (I) 
(1-6 g.) melting at 200-1°.* The solid marked (A) was crystallised from 
alcohol when it separated out as colourless rectangular prisms melting at 
197-8°. It was insoluble in aqueous alkali and did not give any colour with 
ferric chloride. Mixed melting point with an authentic sample of galangin 
trimethyl ether was not depressed. Yield 0-4 g. 


O-3: 5:7: 3’-Tetramethylquercetin-S’-aldehyde (II) 


A solution of the tetramethyl quercetin (0-5 g.) in glacial acetic acid 
(6c.c.) was treated with hexamine (2g.). The clear pale yellow solution 
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was kept in a boiling water-bath for 6 hours. At the end the deep yellowish 
brown solution was treated with a boiling mixture of concentrated hydro- 
chloric acid (3c.c.) and water (3c.c.) and heated for 5 minutes. After 
adding more water (10c.c.) it was left overnight whereby a greyish yellow 
solid crystallised out. Yield 0-25g. It was purified by recrystallisation 


from a mixture of absolute alcohol and ethyl acetate when it appeared as 
iyellow stout rectangular prisms melting at 217-18°. (Found: C, 62-2; 


H, 4:8; CopH,,O, requires C, 62-2; H, 4-7%.) It was sparingly soluble 


in: benzene, ether and ethyl acetate but more easily in alcohol and acetone. 


Very dilute solutions of the substance in alcohol gave only a pale brown 
colour with ferric chloride, but more concentrated solutions produced a 
deep greenish blue which slowly faded. There was no precipitate with 
alcoholic neutral lead acetate for several hours. 


When an alcoholic solution of the substance (0-05 g.) was treated with 
a solution of 2:4-dinitro-phenyl hydrazine (0-05 g.) in the same solvent 
(5c.c.) containing two drops of concentrated hydrochloric acid, there was 
an almost immediate separation of a bright scarlet red crystalline solid. It 
was filtered and crystallised from a mixture of pyridine and glacial acetic 
acid. It formed bright red lance-shaped crystals melting at 270-72° with 
decomposition. 


3:5: 7: 3’-O-Tetramethyl myricetin (II) 


A solution of the tetramethyl quercetin aldehyde (0-5 g.) in N/2 sodium 
hydroxide (3-85 c.c.) was treated dropwise with vigorous shaking with 6% 
hydrogen peroxide (1-95c.c.). The initial orange yellow solution changed 
to deep brown and became turbid. Pyridine was added to get a clear solu- 
tion which was kept at the ordinary temperature for 2} hours with occasional 
shaking and adding a few drops of pyridine to keep it clear. It was acidified 
with dilute hydrochloric acid when a small quantity of a yellow solid sepa- 
rated out. The acid solution was saturated with sodium chloride and 
shaken with ether when a bulky yellow precipitate was thrown out. It was 
filtered and washed with water. The ether extract on evaporation gave a 
little more of the substance. Yield 0-4g. Crystallisation from a mixture 
of ethyl acetate and absolute alcohol gave pale yellow broad rectangular 
plates melting at 220-21°. (Found: C, 60:9; H, 5:1; C,gH,,O, requires 
C, 61-0; H, 4°8%). It was easily soluble in alcohol and acetone. The 
alcoholic solution gave an olive green colour with ferric chloride and a 
yellow precipitate with lead acetate. In 5% aqueous sodium hydroxide it 
dissolved to a bright orange coloured solution. 
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O-Hexamethylmyricetin (V) 


The tetramethylmyricetin (III) (0:2g.) was methylated in anhydrous 
acetone (20c.c.), with dimethyl sulphate (0-5c.c.) and potassium carbonate 
(3g.). After refluxing for 3 hours, the solvent was distilled off, water was 
added to the residue and the white solid left behind was filtered and washed 
with water. Crystallisation from alcohol gave colourless flat needles melt- 
ing at 155-56°. Mixed melting point with an authentic sample of myricetin 
hexamethyl ether was not depressed. 


Myricetin (V1) was obtained by the demethylation of the tetramethyl 
ether (IJ) using hydriodic acid and acetic anhydride. The product crystal- 
lised from dilute acetic acid as yellow flat needles and rectangular plates, 
decomposed above 350° and had other properties and colour reactions 
identical with an authentic sample of myricetin. 


3:5: 7:3'-Tetramethoxy-4’ : 5'-methylenedioxy-flavone 


(A) By methylenation.—A solution of tetramethyl myricetin (III) (0-2 g.) 
in acetone (20c.c.) was treated with methylene sulphate (0-5g.) and 
potassium carbonate (2g.). After refluxing for 12 hours the mixture was 
filtered and the potassium salts washed with hot acetone. The filtrate was 
distilled off and the residue heated to boiling with 10% sodium hydroxide 
(10c.c.). The white solid was filtered after cooling, washed well with water 
and crystallised from alcohol. It formed colourless rectangular plates 
melting at 214—-15° (Found: C, 61-9; H, 5-0; C.pHigO, requires C, 62-2; 
H, 4-7%). It was insoluble in aqueous alkali and did not give any colour 
with ferric chloride. A trace of the substance when heated with concen- 
trated sulphuric acid (2c.c.) and gallic acid (1mg.) developed a stable 
brilliant bluish green colour. 


(B) By synthesis.—An intimate mixture of w: 4:6-trimethoxy-2-hydroxy 
acetophenone (0-8 g.), myristicic anhydride (2 g.) and sodium salt of myris- 
ticic acid (1 g.) was heated under reduced pressure at 180° for 3 hours. The 
product was refluxed with 10% alcoholic potash (20c.c.) for 20 minutes. 
The alcohol was distilled off and the residve treated with water. The un- 
dissolved solid was filtered, washed with 5% aqueous alkali followed by 
water and crystallised from alcohol. It formed colourless rectangular 
plates melting at 214~15° alone or in admixture with the sample described 
under (A). 

SUMMARY 


The most important example of ortho-oxidation from the point of view 
of the biogenesis of the anthoxanthins is the conversion of quercetin into 
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myricetin. O-3:5:7:3'-Tetramethyl quercetin has now been oxidised to 
) Q-tetramethyl-myricetin by the two stage process already explored in Part 

XV. The intermediate O-tetramethyl quercetin aldehyde and the final 
. myricetin tetramethyl ether are obtained in satisfactory yields. From the 
latter 5-methoxykanugin, hexamethyl myricetin and myricetin have been 
obtained. These experiments could be taken as support for the multi-stage 
mechanism of ortho-oxidation. The appropriateness of the reagents from 
the point of view of biogenesis is discussed. 
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1. INTRODUCTION 


THE transformation sol-gel or vice versa can be investigated by the methods 
of colloidal optics. The recent development in the field of Colloid-Optics, 
particularly in the hands of R. S. Krishnan,’ has provided a very elegant 
method of investigating these problems. 


The light scattering technique developed by R. S. Krishnan,’ with the 
aid of a pair of double image prisms and the resulting four Tyndall cones 
has proved very useful indeed for studying the variations in the size and 
shape of colloid particles. 


2. THE EXPERIMENTAL TECHNIQUE OF R. S. KRISHNAN 


Unpolarised light from a uniformly illuminated slit S (Fig. 1) is con- 
densed by a long focus lens L through the double image prism P,, which is 
adjusted so as to give two tracks, one vertically below the other as at V and 
H. These two weil separated beams are of equal intensity, the electrical 
vector in V being vertical and that in H being horizontal. At the focus of 
these two beams is placed the scattering medium under investigation, con- 
tained in a suitable rectangular cell. The two tracks are viewed at right 
angles to the incident direction (in the horizontal plane) through the second 
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double ime ge prism P, which is crossed with respect to P,. We now see 
four beams as shown in Fig. 2. The incident beam V is split up into two 
beams V, and H, the electric vector in them being vertical and horizontal 
respectively. 


Similarly the incident beam H is split up into V, and Hy (see Fig. 2) 
where the electric vectors are vertical and horizontal respectively. 
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As shown by R. S. Krishnan the principle of reciprocity is obeyed and 
the tracks Vj, and H, are always equal to each other in intensity. 


The ratio ke = py is found to be a measure of the size of the scattering 
H 


particles. Thus py is equal to 1 for particles of molecular dimensions and 
decreases in value as the size of the scattering particle increases. 


Again, the ratio _ =p, gives a measure of the anisotropy of the 
v 


particle. It is zero for perfectly symmetrical particles and increases with the 
degree of asymmetry. 


In the present investigation the optical method outlined above has been 
applied to the study of agar-agar dissolved in water in transformation from 
the ‘Sol’ to the ‘ gel’ state and vice versa. Krishnamurthi? had investi- 
gated this problem earlier in regard to agar-agar but he had used the then 
known technique of one incident beam of unpolarised light. The present 
investigation is a re-survey of the field covered by Krishnamurthi, using 
the new technique of R. S. Krishnan. Before discussing the variations of 
Py and p,, the corresponding variations in the total scattering by a centimeter 
layer of the gel-sol with incident light unpolarised are described. 


3. PREPARATION OF THE SOLS 


A weighed quantity of agar-agar in the form of white fibres is kept in 
Tunning water for about an hour. It is then boiled with distilled water in 
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which it dissolves completely to form a turbid sol. The sol is then filtered 
hot several times to obtain a very clear transparent sol which is collected 
in a large test-tube. The test-tube is kept in a hot water-bath to prevent 
the sol from setting. This sol, when examined in a strong beam of convergent 
light shows no bright specks of light. 


If the sol is maintained at a temperature above 40° C. for any length of 
time no appreciable change takes place. However, if the sol is below 40°C., 
a slow conversion from sol to gel takes place. The sol becomes increasingly 
viscous and ultimately sets to a gel. At the same time the intensity of the 
scattered light increases until the gel sets completely. The time taken by 
the sol to set to a gel decreases rapidly as the temperature of transformation 
falls below 40°C. Correspondingly the changes in: the intensity of the 
scattered light occur faster and faster as the temperature of the experiment 
falls more and more below 40°C. 


During the gel-sol transformation the changes noticed are not exactly 
the reverse of the sol-gel transformation. The tendency is for the gel state 
to persist indefinitely even at temperatures as high as 60°C. As the tempe- 
rature is increased still higher the gel gradually transforms itself into the 
sol state without indicating any distinct temperature of transformation. 


4. METHOD OF MEASURING THE INTENSITY OF SCATTERED LIGHT 


(a) Experimental arrangements for measuring intensity in the transverse 
direction.—Light from a pointolite lamp is concentrated on a square aperture 
at S (see Fig. 3). It then passes through the converging lens L and is con- 
centrated at P. The sol to be examined, kept in a test-tube is immersed 
in a rectangular glass cell containing clean water. The temperature of the 
sol is given by the thermometer T, and that of the water-bath W by the 
thermometer T,. The whole of the test-tube is then painted dull black on 
the outside. There are just three rectangular apertures of suitable size, all 
in a horizontal plane, of which two serve for the entrance and exit of the 
beam of incident light, while the third aperture serves to observe the track 
of the incident beam at right angles to the direction of the incidence. 
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The test-tube enters the water cell through an aperture in the cover and 
can be adjusted vertically. The water cell is 10cm. by 10cm. by 10cm., 
made of good quality glass plates without optical strain. The glass sides 
are all painted dull black leaving only 3 transparent areas corresponding to 
those in the test-tube. The water cell is in turn surrounded by a wooden 
box the inner and outer sides of which are also painted dull black. This 
box also has three holes corresponding to the apertures in the test-tube and 
the glass cell. The transversely scattered light passes through the observa- 
tional window and falls normally on a photo-cell which has a square aperture 
lcm. by 1 cm. and which is 10cm. away from the track whose intensity is 
to be measuerd. As the photo-electric cell was most sensitive to red, a red 
filter was kept in front of the cell. The photocell and amplifier units are 
similar to those used by Ananthakrishnan,* where the out of balance current 
in a wheatstone bridge system is a function of the intensity of the radiation 
incident on the cell. The bridge is adjusted so that the micro-ammeter 
reads zero with no illumination. The reading of the micro-ammeter increases 
with the intensity of the scattered light. 


(b) Range of the photometer for linear response.—To see in what range 
the response of the above photometer is linear the following subsidiary 
experiment was performed. The light passing through the lens L is made 
to pass through two nicol prisms, one of which can rotate on a divided circle 
about a horizontal axis. The light transmitted by these two nicols is allowed 
to fall on the photocell of the photometer. The bridge is adjusted so that 
the micro-ammeter reads zero when the nicols are crossed. The deflections 
in the microammeter for different rotations @ of the adjustable nicol away 
from its crossed position are then noted. The intensity I corresponding 
to a rotation 6 of the nicol is given by 


I = I, sin? 0, where I, is the maximum intensity when the nicols are in 
the parallel position. 


Fig. 4 shows that the response of the photometer is linear in the range 
of current from 0 to 90 micro-amperes, which covers the range of readings 
when the photometer is used to measure the intensity of scattered light in 
our experiments. 


(c) Measurement of intensity I, of the incident beam.—To express the 
scattered light as a fraction of the incident light, a knowledge of the intensity 
of the incident light I, is necessary. This, however, cannot be measured 
directly by the photo-cell unit as it is too intense. Therefore, the intensity 
of the incident beam was cut down to the working range by reducing the 
aperture of the pointolite to its minimum and introducing a strong filter 
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of prussian blue, which has a strong absorption band in the red in front of 
the photo-cell. Various values of I transmitted through the filter for different 
concentrations of filter solution were measured in the range of the instrument. 
I, the intensity transmitted through the fi'ter is given by 


I = I, 10-*°, where [, is the initial intensity and C is the concentration 
and K a constant so that log I = log I, — KC. 


Fig. 5 is the linear graph of log I against C from which by extrapolation 
log I, is obtained by putting C = 0. 


From Fig. 5 we have log I, = 3-76 or I, = 5754 with minimum aperture 
width in terms of micro-ammeter readings in the range where the response 
is linear. 


(d) Estimation of the total scattering (over a solid angle 4m) by 1 cm. 


layer of the medium.—In Fig. 6 let the horizontal track of the incident beam 
be AB along the x axis. 
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XY is the horizontal plane. The intensity of the track AB is measured 
for values of 6 varying from 0 to 180° with the help of the photometer. Fig. 7 
shows the variation of intensity with azimuth 6. If we describe a sphere of 
radius r at the point O then zones can be described on the sphere correspond- 
ing to various intervals of 9, e.g., 9 to ®,, S to 9,4, to 45, etc., etc. 
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Intensity distribution in the horizontal plane 
For gel set at 25 °C. 
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Using the values of intensity given in Fig. 7 it is easy to compute the total 
intensity of the scattered light passing out of the whole sphere as 


I, = Zl (zone) = 2m x 10? x 21g sin 6d 0 
= 20nZ]Ip sin 0 


putting dé = a radian, equal to the solid angle subtended by the aperture 


of the photo-cell. 


This total intensity I, can be expressed as a fraction i of the incident 


beam. In Tables II to XI this value is given in the last column. 


(e) Measurement of the transmission by a layer of gel or sol.—A beam 
of light passing through a diffusing medium undergoes depletion by scatter- 
ing. Using the photometer it is easy to measure the transmission by a 
known thickness of the gel or sol. It is possible. therefore, to compare 
the total loss by scattering as estimated in (d) above with the loss in 
transmission. 
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An example of such comparison is given below:— 


TABLE I 
Light scattered by gel set at 25°-C. 


Total light scattered | 
by one centimetre Loss in transmission 
layer over solid angle | per cm. 
an | 


% % | ; 


Concentration of 
agar-agar in the 
gel 
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From the above it is seen that most of the loss of intensity during the 
passage through the medium is due to scattering. This loss, in the case of 
agar, for the concentrations dealt with, is also not so large as to affect the 
intensity of the Tyndall cone when viewed through the thin layer of the 
medium which usually intervenes between the track and the boundary of 
the containing vessel nearest to the observer. 


5. MEASUREMENT OF DEPOLARISATION 


The method of obtaining the four Krishnan components has already 
been described in para 2. The outside of the test-tube containing the gel 
under investigation is covered dull black excepting for three small square 
holes in a horizontal plane, two of which are in a straight line to allow the 
incident beam to pass through the gel while the third one is at right angles 
to the line joining the first two, for observations. The test-tube is held 
vertical so that only the upper one of the two incident beams (Fig. 1), namely 
V, passes through the gel, the lower H being cut off. Correspondingly, only 
the first and the third beams (Fig. 2) are obtained when viewed through the 
double image prism P,. They are then observed through a nicol to which. 
a divided circle is attached. The two successive positions of the nicol 
6, and 6, at which the two beams appear to be of equal intensity are found. 
The ratio p, of the third to the first beam is calculated by 


(0, — 0 
Py = tan? S-* 


The test-tube is then lowered slightly so that the upper beam V is cut off and 
the lower beam H only passes through the gel. The ratio py of the resulting 
two beams, namely (Fig. 2) the second to the fourth, is obtained in the same 
way as p,. If the double image prism in the path of the incident beam is 
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removed then we have a beam of unpolarised light passing through the 
scattering medium. If we now determine the ratio of the two components, 
seen through the double image prism on the observation side we get the 
value of p, which is related to p, and py as 


1+4 
Py — 
a 


We are therefore in a position to compare the observed values of p, with 
those calculated from the value of py and p, measured independently. 


6. MEASUREMENTS OF p,, Py, p,, AND I IN AGAR-AGAR GELS OF 
VARIOUS CONCENTRATIONS 


Measurements of p,, py, p,, and I the intensity of transversely scattered 
light during the sol-gel transitions of agar-agar gels of concentrations 0-06%, 
0:2%, 0:5%, 1% and 1-5% were recorded in a series of experiments. 


(a) Sol-gel transition—The sol prepared for the investigation is at 
first maintained at 90° C. for sometime by keeping the test-tube containing 
the sol in a hot water-bath and is then cooled to 80°C. by decreasing the 
temperature of the bath. It is then maintained at the constant temperature 
80° C. for about 12 hours. At intervals of an hour the test-tube containing 
the sol is transferred to the water cell (Fig. 2) containing water at 80° C. for 
a short time and the intensity of the track viewed at right angles to the inci- 
dent beam is measured with the photoelectric photometer. No change in 
intensity is noticed even after 12 hours. After measuring the intensity, the 
photo-cell unit is removed, and the double image prisms are inserted as in 
Fig. 1, to measure the values of depolarisation p,, py, p,. The above observa- 
tions of intensity and polarisation are repeated at temperatures of 70°C., 
60° C., 50°C., and 40° C., each time bringing the sol from 90°C. to the 
respective temperature and recording the variation of intensity with time 
keeping the particular temperature constant until no further change of 
intensity is noticed and finally the depolarisation values are also measured. 
N> appreciable changes in intensity and depolarisation with time are noticed 
even after 12 hours at these temperatures above 40°C. Below 40°C., 
however, the observations are taken at each temperature down to 30°C. 
For each of these observations the sol is first cooled from 90° C. to 40°C. 
in the outsid> bath and the test-tube containing the sol at 40°C., is then 
triisforred to the outer coll coataining witer at 40°C. Tho sol, along with 
the water in the outer cell is cooled at the uniform rate of one degree for 
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every three minutes, to the particular temperature required which is main- 
tained constant and observations of variations in intensity with time are 
taken until the intensities reach their maximum constant values and 
finally the depolarisations p,, py, p, are also recorded. 


The sol first becomes highly viscous and then sets to a gel as time passes, 
It will be seen from Tables III to VII that there is no sensible change in the 
intensity from 90°C. to 38°C. For 37°C. and below the intensity increases 
with time until it reaches a maximum constant value at the particular tempe- 
rature, time being measured from the instant the sol reaches the particular 
temperature. At lower temperatures the increase in intensity is more and 
more rapid and the limiting or saturation values of intensity are also reached 
earlier. Figs. 8 to 12 show the variation in intensity with time at different 
temperatures for gel concentrations of 0-06%, 0:2%, 0°5%, 1%, and 1-5%. 
The final values of intensity for a typical concentration are also shown by 
the portions OAB of the diagram in Fig. 13. 


Gel-sol transformation.—The ge] set at 25° C. is slowly heated to different 
temperatures and maintained at these temperatures until the values of 
intensity and depolarisation become steady. The curve CD in Fig. 13 
shows the final steady value of intensity at each temperature during the 
gel-sol transition. Similar curves were obtained for other concentrations 
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also. The final steady values of depolarisations p,, py, p, at different tempe- 
ratures during the gel-sol transition are recorded in Tables VIII to XII. 


7. DISCUSSION OF RESULTS 


No sensible changes of intensity or depolarisation with time are noticed 
at temperature above 40°C. for all concentrations studied. However, if 
the sols are maintained at constant temperatures below 40° C. for sufficiently 
long time, intensity and depolarisations change over gradually until they 
reach constant values which depend upon the temperatures. py, p,, py 
and I recorded in Tables III to VII are the final steady values obtained at 
the various temperatures. 


It can be seen from Tables III to XII that the calculated and observed 


values of p, agree throughout the range investigated, thus verifying the 
Krishnan relations: 





Vie= H, (1) 
1+ 

py= —*? (2) 
1+ Pe 


Variations in intensity during the transition from sol-gel are continuous 
showing that the gelation is a continuous process. The cooling curve 
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(Fig. 14) betwen 40° C. and 29° C. does not show any kink associated with 
sudden evolution or absorption of heat during the transition from sol to gel. 
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TABLE I] 


Percentage of total light scattered (in all directions) in the sol and gel 
state, by agar-agar gels of different concentrations 


Pate | 





Light scettered in 








Light scattered by gel 





| 


Concentration the so] state (temp.| , 
above 40° C.) Is | set at 25° C. Ip 
% | % | y? 
0-06 \ 0-026 | 0-13 
0-2 | 0-08 H 0-4 
0-5 | 0-2 | 1-0 
1-0 0-4 2-4 
1+5 | 0-6 4-0 





Variations in Intensity—At temperatures above 40° C. the total amount 
of the light scattered in the sol state is directly proportional to the concentra- 
tion (Table II), showing that size and shape distribution of the suspended 
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particles is the same in sols of all concentrations. This can be seen to agree 
with the fact that the values of depolarisations p, and py (Tables III to VII) 
are almost the same for all concentrations. In the gel state, however, the 


ratio s increases with concentration. This increase can be seen to be due 
s 


to the greater increase in the size and anisotropy of the particles in the gel 
state at higher concentrations as shown by the depolarisation values py and 
p, recorded in Tables III to VII. 


TABLE Iil 


Concentration 0:06% 


Light scattered 




















| 
Temperature | ° | ° (Cal.) | (Obs.) 
in ° Pu/o | po/o pu%, | pu, . by a of 
90 95 3-6 7-2 ! 7-2 | 0-026 x 1072 
70 95 3-6 7-2 7-2 | 0-026 ,, 
50 95 36 7-2 7-2 | 0-026 ,, 
40 | 95 | 3-6 7-2 7-2 0-026 ,, 
380 | 5 3-6 7-2 7-2 | 9-026 3. 
37 | 95 3-6 7-2 7-2 0-026 ,, 
35 85 26 5-6 5+7 0-052 ,, 
34 75 1-7 4-0 4-1 0-102 ,, 
33 70 1-5 3-8 | 3-7 0-100 ,, 
32 #+| 70 1-5 3-8 3°7 0-118 ,, 
31 67 1-35 3-4 3-4 0-130 ,, 
25 67 | 1-35 3-4 3-4 0-130 ,. 
TABLE IV 
Concentration 0-2% 
| Light scattered by 
} ° Cal. Obs. 
——| pa/o pu/o cy ( mee 1 cm. layer of 
| | the medium 
90 95 3-6 7-2 7-2 0-080 x 1072 
70 95 3-6 7-2 7-2 0-08 ,, 
50 95 3-6 7-2 7-2 0-08 ,, 
40 95 3-6 7-2 7-2 0-08, 
38 95 3-6 7-2 7+2 0-08 ,, 
37 95 3-6 7-2 7-2 0-08 ,, 
35 85 2+7 5-8 5+7 0-16 ,, 
33 70 1-9 4+5 4°6 0-36, 
32 67 1-7 4+2 4-2 0-38, 
31 65 1-6 4:0 4:0 0-40 ,, 
25 65 1-6 4-0 4:0 0-40 ,, 
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TABLE V 
Concentration 0:5% 


231 






























































r : 
Light scattered by 
Temperature ° ° (Cal.) (Obs.) 1 . layer of 
in °C. Pu/o Po/o puro | Puo a fae. th 
90 95 3-6 %2 | 7-2 0-2 x 1078 
70 95 3-6 7-2 7-2 0-2 ,, 
50 95 3-6 7-2 7-2 | 0-2 ,, 
40 95 3-6 7-2 7-2 | 0-2 , 
38 | 95 3°6 7-2 7-2 0-2 ,, 
37 || lS 3-6 7-2 7-2 0-2 
35 | 85 2-7 5+8 | 5-7 0-26, 
33 70 1-9 465 | 4-6 0-92 ,, 
s | @ 1-7 4-2 1-2 0-94 ,, 
31 | 65 1-6 4.2 | 4-2 0-97 ,, 
2 26| «65 1-6 ) | 4-2 1-00, 
TABLE VI 
Concentration 1 -0% 
| | | Light scattered b 
Temperature ° | ° (Cal.) (Obs.) -_* y 
a gr Pu% puto of” | ° 1 cm. layer of 
— | : | ; puso Puro the medium 
90 95 3°6 7-0 7-2 0-4 x 10°? 
70 95 3°6 7-2 7-2 0-4 = ,, 
50 95 3°6 7-2 7-2 0-4 =, 
40 95 3-6 7-2 7-2 «4 . 
238 95 3-6 7*2 72 0-4 =, 
3 95 3°6 7-2 | 72 04 4, 
35 85 2-1 4:3 | 4:4 0-76 ,, 
33 65 2-8 6-8 j 6°7 2-16 ,, 
32 65 3-0 7-3 | 7-4 2-30 ,, 
31 60 3-0 7°3 7-4 2-40 ,, 
25 \ 60 3-0 7-3 7°4 2-40 ,, 
{ 
TABLE VII 
Concentration 1-5% 
' | at : 
Temperature | ah po% (Cal.) | (Obs,) bg al 
= | puro | Pu/o the medium 
{ { | 
90 95 4:0 8-0 | 8-0 0-6 x 1072 
70 95 4-0 | 8-0 | 8-0 0-6 ,, 
50 95 4-0 8-0 8-0 0-6 ,, 
40 95 4-0 8-0 | 8-0 0-6, 
38 95 4-0 | 8-0 | 8-0 0-6 ,, 
37 80 5-0 1066 10-6 15, 
35 65 5°38 13°8 13°8 3°10 ,, 
33 65 5°8 13-8 13-8 3-4 =, 
32 60 8-0 | 20-0 20-0 ST 
31 65 8+4 22-0 22-0 3-8 ,, 
25 55 8-4 22-0 22-0 3°83 4 
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TABLE VIII 
Concentration 0-06% 










































































Ligkt scattered by 
Temperature ° ° (Cal.) (Obs.) 1 laver of 
in °C. Puzo po/o | Puvo Pu%o ee wel 
| 
25 67 1-35 3-4 | 3-4 0-13 x 107? 
30 67 1-35 3-4 3-4 0-13 , 
35 67 1-35 3°4 3-4 0-13 ,, 
40 70 1-5 3-8 3-7 O-ll ., 
45 70 1°35 3-8 3-7 O-ll Pr 
50 70 1-5 3-8 3°7 0-108 ,, 
55 75 1-7 4-0 4-1 0-104 ,, 
60 15 1-7 4-0 4-2 0-096 ,, 
65 85 3-0 6-5 6-6 0-U72 ,, 
70 90 3-4 7-0 4-9 0-032 ,, 
TABLE IX 
Concentration 0-2% 
' 
Light scattered by 
= =" Puve Pov | — “ ) 1 cm. layer of 
‘ _ ne the medium 
25 65 1-60 | 4-0 | 4-0 0-40 x 10-7 
30 65 1-60 4-0 4:0 0-40 =, 
35 65 1-60 4-0 4-0 0-40, 
40 65 1-60 4-0 4-0 0-39 , 
45 65 1-60 4-0 4-0 0-39 =, 
50 70 1-9 4-5 4-6 0-37, 
55 70 1-9 4-5 4-6 0-36 ,, 
60 75 2-2 5-0 5-2 0-34 ,, 
65 80 2-8 6-2 6-1 0-% ,, 
70 95 3-6 72 71 0-10 . 
TABLE X 
Concentration 0-5% 
¥ | ch ae Ele | ‘ ° 
Temperature om oo% (Cal.) (Cal.) yucteea 
in C. , | Pu/o Pu/o the medium 
a | ] 
25 65 } 1-6 4-2 4-2 1-0 x 107? 
30 l 65 1-6 4-2 | 4-2 - |. 
35 65 1-6 4-2 4-2 ” a 
40 | 65 1-6 4-2 4-2 0-98 ,, 
45 65 1-6 4-2 4-2 0-98 ,, 
50 67 1-7 4-2 4-2 0-96 ,. 
55 | 70 1-9 4-5 4-6 0-92 ,, 
60 | 70 1-9 4-5 4-5 0-90 ,, 
65 90 3-4 7-0 7-0 0-46 =, 
70 | 95 3-6 7-2 7-2 0-24 ,, 
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TABLE XI 
My Oo 
Concentration 1-0% 
| 
Light scattered by 
— Pu%o Por “~~ mo 1 cm. layer of 
; : Pu/o — the medium 
25 60 3-0 7°3 7+4 2-4 x 107? 
30 60 3-0 73 7-4 2-4 = 
35 60 3-0 73 7-4 2°4 me 
40 60 3-0 7-3 7-3 2-35 ~—C,, 
45 60 3-0 7:3 7-3 2-35 =a, 
50 65 3-0 71+3 7:3 2-30 ,, 
55 65 3-0 7°3 7°3 2-30 =, 
60 65 2-8 6-8 6-7 +s | 
65 15 3-1 7-0 7-2 1-04 |, 
70 90 3+4 71:2 7-2 0-55 ,, 
TABLE XII 
° ° 
Concentration 1-5% 
Light scattered by 
— pur Pu%s Puro Puro 1 cm. layer of 
i . the medium 
25 55 8-4 22-0 22-0 3-8 x 19? 
30 55 8-4 22-0 22-0 Se « 
35 60 8-0 20-0 20-0 3-7 am 
40 60 8-0 20-0 20-0 ee oe 
45 60 8-0 20-0 20-0 3°65, 
50 60 8-0 20-0 20-0 3:60 =, 
55 65 5-8 13-8 14-0 3-4, 
60 65 5-8 13-8 13-8 28 =. 
65 75 5-4 12-0 11-9 2-0 is 
70 90 4-2 8-5 8-6 a 








Variations in py.—The second columns in Tables III to VII show that 
pu decreases with decrease in temperature suggesting that the size of the 
particles for gels set at lower temperatures is bigger. It can also be seen 
that p,, decreases with concentration at low temperatures showing that for 
gels set at the same low temperature the size of the particles increases with 
concentration. 

Variations in p,.—The changes occurring in p, with decrease in tempe- 
rature are very interesting and occur as follows for different ranges of con- 
centration. 

(1) For sols of concentration 0:06%, 0°2% and 0-05%, p, gradually 

decreases with temperature. 

(2) For 1% sol p, first decreases and then increases as the temperature 

is decreased. 

(3) For 1-5% sol p, gradually increases with temperature, 
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This suggests that in the first case the particles tend to become more 
symmetrical with decrease in temperature while in the second they tend to 
grow more symmetrical with decrease in temperature at first but assym- 
metry sets in with further lowering in the temperature. At 1-5% con- 
centration the increase in assymmetry of the particle starts right from the 
beginning. 


Mechanism of sol-gel transformation in agar-agar as suggested by the 
above results——A consideration of the above mentioned variations in 
intensity, p,, and the three types of variations of P, at the different ranges of 
concentration suggests that we have to deal here with two distinct pheno- 
mena. First of all we have the solute particles of small size initially, but 
tending to increase in size rapidly with the fall of temperature, as one 
approaches the range of temperatures associated with the sol-gel transforma- 
tion. This process may occur in two stages. In the first stage (a) the 
particle tends to develop a cloud of H,O molecules which surround it with- 
out however actually entering its structure. During this initial stage the 
intensity of the scattered light does not start increasing though the medium 
increases in viscosity. In the next stage of swelling; (b) we have also the 
actual physical swelling of the solute particle itself, somewhat analogous to 
what happens in osmosis. During this second stage, the intensity of 
scattering increases rapidly. In any case it is clear that during the stages 
(a) to (b) the individual particle undergoes an increase of size which tends 
to make it more symmetrical as is shown by the decrease in p,. The later 
increase in p, with further fall of temperature must be associated with aggre- 
gation or coagulation of swelled particles with a tendency to form increas- 
ingly unsymmetrical groups. This tendency becomes more pronounced 
at the higher concentration and indeed starts there at the very outset, as is 
the case with the highest concentration of 1-5%. Work on similar lines 
with gelatin gels is in progress. 


SUMMARY 


The transmission from sol to gel and vice versa in agar-agar gels has 
been investigated by means of the new experimental technique of R. S. 
Krishnan. Intensity distribution of the light scattered by a one centimeter 
Jayer of the scattering medium in the horizontal plane with incident un- 
polarised light has been measured by means of an electronic photometer 
during the various stages of the transition, and hence the total light scattered 
in all directions by a centimetre layer of the scattering medium during the 
transition has been calculated and expressed as a fraction of the incident 
intensity. 
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The depletion of the light transmitted through various thickness of the 
gels has also been measured and shown to be equal to the total light scattered 
by the gel. The detailed study of the variations in intensity and depolarisa- 
tions during the various transitions from sol to gel and gel to sol suggest, 


(1) The R. S. Krishnan relation : 


holds throughout the range investigated. 
(2) The transition from sol to gel is characterised by distinct stages. 


(a) The solute particle first appears to develop a cloud of H,O molecules 
round itself which results in an increase in the viscosity without any sensible 
change in the light scattering capacity of the gel. 


(3) The actual particle size then increases as is indicated by the great 
increase in the light scattering capacity as well as the decrease in the value 
of py as compared with the sol. The values of p, indicate that: , 


(a) The particles grow more symmetrical as their size increases for con- 
centrations of 0-06%, 0:2%, and 0-5%. 


(b) The particles first tend towards symmetry and later grow more and 
more unsymmetrical with incrase in size for the concentrations of 1% while, 


(c) The tendency for the particles to grow more unsymmetrical with 
increase in size exists from the very start for concentrations of 1-5% or more. 
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ANTHRAQUINONE SERIES 
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ALTHOUGH indanthrone (I) was the first anthraquinone vat dyestuff discovered 
as early as 1901, indanthrone and its derivatives have continued to be among 
the most important anthraquinone vat dyes produced in large quantities 
by most of the dyemakers. Indanthrone possesses excellent fastness pro- 
perties to all agencies other than chlorine, in which case it undergoes a 
greening of shade, probably due to oxidation to the azine. The halogenated 
derivatives of indanthrone, especially the dichloro derivatives, possess im- 
proved fastness to chlorine, and a series of halogenated indanthrones are 
now commercially available, examples being Caledon Blue RCS, GCD, BCD, 
GCPS and Alizanthrene Blue RC (ICI), and Indanthrene Blue GCD, BC, 
GC and RCL (1.G.). 

Conflicting statements have been made in the literature regarding the 
constitution of the commercial chlorinated indanthrones and their methods 
of preparation. According to Fraser-Thomson! Caledon Blue GCD is 
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largely the 4:4’-aichloroindanthrone (II) obtained by chlorination of 
indanthrone with gaseous chlorine or with sulphuryl chloride. The 3:3’- 
orientation of the chlorine atoms is assigned by Rowe? who gives the follow- 
ing methods of preparation: (1) chlorination of indanthrone with sulphuryl 
chloride or benzoyl chloride, (2) the action of nitric and hydrochloric acids 
on indanthrone and (3) synthesis from 3-chloro-1-bromo-2-aminoanthra- 
quinone. According to Fraser-Thomson? and Rowe, Caledon Blue RC is 
3: 3’-dichloroindanthrone (III) prepared synthetically, as it cannot be pre- 
pared by direct halogenation. In Colour Index? the dye is formulated as a 
trichloro-derivative of indanthrone, prepared by the action of antimony 
pentachloride or sulphuryl chloride on indanthrone. It is also prepared 
by the action of chlorine on indanthrone suspended in sulphury! chloride, 
thionyl chloride or antimony pentachloride’ Rowe*® has described the 
preparation of Soledon Blue 2RCS, which is the tetrasulphuric ester of 3: 3’- 
dichlorotetrahydroindanthrone by the oxidation of 3-chloro-2-aminoanthra- 
hydroquinone disulphuric ester with hypochlorite or lead peroxide. Indan- 
threne Blue GC and Caledon Blue GC are mentioned in Colour Index? as 
the 3: 3’-dibromo-derivatives of indanthrone. 


Indanthrene Blue GCD has been regarded as being identical with 
Caledon Blue GCD. According to Rowe* the former is largely 4: 4’- 
dichloroindanthrone (II) obtained by direct chlorination. Indanthrene 
Blue BC, stated‘ to contain more chlorine atoms than the dichloro derivative 
and probably prepared by direct chlorination, has been described as identical 
with Caledon Blue RC in Colour Index.? The authentic methods for the 
preparation of the IG dyes are, however, now available. Indanthrene Blue 
GCD is prepared by direct chlorination by passing chlorine in a solution of 
indanthrone in 91-5% sulphuric acid at 50-55° in the presence of a small 
quantity of manganese dioxide till the chlorinated product has a chlorene 
content of 5-8%. Indanthrene Blue BC is the higher chlorinated product, 
obtained by carrying the chlorination further till the chlorine content is 
13-8 to 14% chlorine (Calc. for dichloroindanthrone: Cl, 13-9%). 


While a series of halogenated indanthrones have become commercially 
available and numerous processes for their preparation have been patented, 
the mode of action of different chlorinating agents is largely unknown. 
According to Fraser-Thomson‘ and Rowe’ direct halogenation of indanthrone 
attacks both the 3:3’-and the 4: 4’-positions, but chiefly the latter. The 
3: 3’-dihalogeno-derivatives cannot be prepared in pure form by direct 
halogenation and hence have to be obtained synthetically.2 Methods of 
direct chlorination of indanthrone which claim to lead to the 3: 3’-dichlorg 
A8 
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derivative have, however, been reported in patents.* Substitution in the 
3: 3’-positions is stated to scarcely affect the shade of indanthrone, while 
substitution in the 4: 4’-positions causes greening of the attractive reddish 
blue shade of indanthrone. 


It is obvious that, while preparation from a halogenated intermediate, 
in which the orientation of the halogen atoms is definite, will give a chloro- 
indanthrone of authentic constitution, the position of the chlorine atoms in 
a product obtained by the direct chlorination of indanthrone needs to be 
proved. The present work was undertaken with a view to determining the 
constitution of commercial chloroindanthrones and investigating the orienta- 
tion of the dichloroindanthrones prepared by chlorination of indanthrone 
with antimony pentachloride and sulphuryl chloride. 


Antimony pentachloride was found to be a vigorous chlorinating agent, 
two chlorine atoms being readily introduced in indanthrone by reaction 
in boiling nitrobenzene for 15 minutes. It was observed that even when 
excess of antimony pentachloride is used and the reaction carried out for 
3 hours, no further chlorine could be introduced. It would appear that 
antimony pentachloride specifically attacks two positions in indanthrone, 
and no further chlorination can then be effected. When dichloroindan- 
throne prepared with antimony pentachloride (subsequently referred to as 
IIA), the dichloroindanthrone prepared through the azine which will be 
described later, and 3: 3’-dichloroindanthrone obtained from its solubilised 
derivative Soledon Blue 2RCS, were treated with antimony pentachloride, 
no further chlorination took place, so that the presence of two chlorine 
atoms in the indanthrone molecule prevents further action of antimony 
pentachloride. 


The action of sulphuryl chloride was found to be markedly different 
from that of antimony pentachloride. When excess of sulphuryl chloride 
was used, the chlorination did not stop with the introduction of two chlorine 
atoms but proceeded further. By carefully controlling the experimental 
conditions a dichloroindanthrone was prepared. 


Scholl and Berblinger? have prepared a dichloroindanthrone by the 
action of hydrochloric acid on anthraquinoneazine, the product being 
claimed to be 4:4’-dichloroindanthrone without conclusive supporting 
evidence. Seeking such proof, dichloroindanthrone prepared according to 
Scholl and Berblinger? was treated with hydrazine, so that the dihydrazino- 
indanthrone may be produced, but the reaction was not successful. 


Atack and Soutar® have described the preparation of 3: 3’-dichloro- 
jndanthrone by self-condensation of 3-chloro-1-bromo-2-aminanthraquinone 
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(m.p. 235°), which was obtained from 3-chloro-2-aminoanthraquinone by 
bromination in nitrobenzene. They prepared the latter, for which they 
have quoted m.p. of 221°, by chlorination of 2-aminoanthraquinone with 
gaseous chlorine in acetic acid or nitrobenzene. As 3-chloro-2-amino- 
anthraquinone prepared by unambiguous methods® melts at 310°, while 
1-chloro-2-aminoanthraquinone® melts at 237°, it appeared likely that Atack 
and Soutar actually obtained the latter, rather than the 3-chloro-compound. 
Their chloro-bromo-2-amino anthraquinone and its self condensation pro- 
duct would, therefore, be 1-chloro-3-bromo-2-aminoanthraquinone and 
3: 3’-dibromoindanthraquinone respectively. Direct chlorination of 2- 
aminoanthhraquinone generally leads first to 3-chloro- and _ then 
to 1: 3-dichloro-2-aminoanthraquinone, and to get 1-chloro-2-aminoanthra- 
quinone it is necessary to acetylate 2-aminoanthraquinone before chlorina- 
tion.” © Fyfe! has, however, prepared 1-chloro-2-aminoanthraquinone 
by direct chlorination of 2-aminoanthraquinone in nitrobenzene, chloro- 
benzene and acetic acid without previously acetylating the amino group. 
When 2-aminoanthraquinone was chlorinated with sulphuryl chloride, 
1-chloro-2-aminoanthraquinone (m.p. 237°) was obtained which was 
characterised by preparing its acetyl derivative (m.p. 241°) and comparison 
with authentic specimens of 1-chloro-2-aminoanthraquinone and its acetyl 
derivative.!2 Bromination of 1-chloro-2-aminoanthraquinone thus obtained 
gave 1-chloro-3-bromo-2-aminoanthraquinone, which melts at 238°, com- 
paring well with the product prepared by Atack and Soutar’ (mip. 235°) 
and claimed as 3-chloro-l-bromo-2-aminoanthraquinone. Self-condensa- 
tion of 1-chloro-3-bromo-2-aminoanthraquinone now prepared gave 3: 3’- 
dibromoindanthrone as expected. 


For the purposes of the present work 3: 3’-dichloroindanthrone!® was 
then synthesised by the self-condensation of 3: 3’-dichloro-2-aminoanthra- 
quinone.® 

One of the methods for the synthesis of 4: 4’-dichloro-indanthrone 
would be from the hitherto unknown 1: 4-dichloro-2-aminoanthraquinene 
obtainable by the cyclisation of o-(2’: 5’-dichloro-4’-amino) benzoylbenzoic 
acid. Attempts to prepare the latter acid by condensation of phthalic 
anhydride with 2: 5-dichloroacetanilide in the presence of anhydrous alu- 
minium chloride proved unsuccessful as 2: 5-dichlorophenylphthalamic acid 
was obtained instead of the desired acid. Another route explored was 
through 4-chloro-2-bromo+l-aminoanthraquinone. Attempts to brominate 
2-bromo-l-aminoanthraquinone gave 2: 4-dichloro-l-aminoanthraquinone 
instead of the desired product. The only recorded method for the prepara- 
tion of 2: 4-dichloro-l-aminoanthraquinone is due to Guhelmann ef q/,48 
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who obtained it synthetically from m-dichlorobenzene and phthalic anhydride 
in four steps; they were unsuccessful in obtaining it by direct chlorination 
by methods analogous to those used for the preparation of 2:4-dibromo- 
l-aminoanthraquinone. It is remarkable that contrary to the experience 
of the above workers direct chlorination of 1-aminoanthraquinone in glacial 
acetic acid gave 2:4-dichloro-l-aminoanthraquinone in excellent yield.'* 
The constitution of the latter was confirmed by the preparation of 1:2: 4. 
trichloroanthraquinone by the Sandmeyer reaction and by deamination to 
1: 3-dichloroanthraquinone. 


The utility of 2:4-dichloro-l-aminoanthraquinone, which has now 
become readily oe as a dyestuff sitar was investigated. Thus 
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the N-benzoyl derivative was prepared, but was found to have poor sub- 
stantivity to cotton. Condensation with p-toluidine and aniline gave 
2-chloro-1-amino-4-p-toluidinoanthraquinone and 2-chloro-1-amino-4-anilino- 
anthraquinone which on sulphonation would lead to acid dyes. 2: 4- 
Dichloro-l-aminoanthraquinone on diazotisation and coupling with B- 
naphthol gave a reddish brown dye. Syntheses of anthraquinone-acridones 
from the dichloro derivative are also being studied. 


4-Chloro-2-bromo-1-aminoanthraquinone was prepared by the bromina- 
tion of 4-chloro-l-aminoanthraquinone, but it did not give 4: 4’-dichloro- 
indanthrone by self-condensation. Attempts to replace the hydroxyl groups 
in 4: 4’-dihydroxyindanthrone (Indanthrene Blue 5G) by chlorine atoms by 
the action of phosphorus pentachloride were also unsuccessful. 


Another route for the synthesis of 4: 4’-dichloroindanthrone was then 
investigated. 2-Bromo-l-amino-4-p-toluenesulphonamidoanthraquinone” on 
condensation with itself gave the new 4: 4’-di-p-toluenesulphonamido- 
indanthrone (IV) in 76 per cent. yield. Hydrolysis of (IV) with concentrated 
sulphuiic acid gave a bluish green vat dye similar in properties to 4:4’- 
diaminoindanthrone (V), but with 1-5% lower nitrogen content. It was, 
however, found that (V) could be readily synthesised through 1: 4-diamino- 
2-bromoanthraquinone.’* Treatment of (V) with concentrated sulphuric 
acid also resulted in a loss in nitrogen indicating a partial hydrolysis of the 
amino groups during the hydrolysis of (IV). Attempts to replace the amino 
groups by chlorine by the Sandmeyer reaction proved unsuccessful. 


When 2-aminoanthraquinone was chlorinated with gaseous chlorine in 
nitrobenzene a new trichloro-2-aminoanthraquinone (m.p. 216°) was 
obtained. Fries and Hartmann” obtained | : 3: 4-trichloro-2-hydroxyanthra- 
quinone by treating 2-aminoanthraquinone with gaseous chlorine in fuming 
hydrochloric acid and acetic acid and subsequently treating the reaction 
product with sodium acetate. By analogy the trichloro derivative obtained 
can be formulated as 1: 3: 4-trichloro-2-aminoanthraquinone. Self-conden- 
sation of the trichloro derivative did not give 3: 4: 3’: 4’-tetrachloroanthra- 
quinone, but a brown dye containing less chlorine content. 


The specific a-chlorinating action of antimony pentachloride has been 
observed by Steiner who obtained 1: 4:5: 8-tetrachloroanthraquinone by 
chlorination of anthraquinone with this reagent. While substitution of the 
a-positions (4, 5, 8, 4’, 5’ and 8’) in indanthrone in direct chlorination can 
be regarded as more likely than the B-positions on account of the higher 
activity of the a-positions, there is no reason to assume, as Fraser-Thomson* 
and Rowe* have done, that the 4: 4’-positions are first substituted and then 
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the 3:3’-positions, leaving the other available a-positions unsubstituted. 
Since antimony pentachloride unlike sulphuryl chloride is specific in intro- 
ducing two atoms of chlorine, it is reasonable to regard the dichloroindan- 
throne (ITA) as a pure a: a’-disubstituted derivative, and probably the 4: 4’. 
dichloro derivative, on the basis of its greater resistance to azine formation 
on treatment with oxidising agents as discussed later. The chlorinated 
indanthrones obtained by direct halogenation with sulphury] chloride or 
gaseous chlorine are probably indanthrones substituted chiefly in the 5, 8, 5’ 
and 8’-positions. Since a halogen atom substituted in the a-position in the 
anthraquinone molecule is much more reactive than a f-chlorine atom, 
chlorine atoms substituted in the a-positions in indantnrone should be more 
reactive than those in the 8-positions. The lability of the chlorine atoms in 
dichloroindanthrones prepared by direct chlorination, 3: 3’-dichloroindan- 
throne, and the commercial chloroindanthrones, towards boiling alkaline 
sodium hydrosulphite solution was then tested. It was found that the 
chlorine atoms in (IIA) were the least stable, as much as 57% of chlorine 
being lost after this treatment. At the other end of the scale was the synthetic 
3: 3’-dichloroindanthrone which lost about 24% chlorine, under identical 
conditions. Dehalogenation of (IIA) and 3:3’-dichloroindanthrone by 
heating with copper bronze resulted in a loss of 32% and 25% chlorine res- 


pectively. The above experiments give some supporting evidence to the 
exclusive a-orientation in (IIA). 


Attempts to synthesise 4: 4’-dichloroindanthrone unambiguously which 
could then be compared with (IIA), have so far been unsuccessful, and 
another approach to a solution of the problem was to convert (IIA) into 
di-p-toluenesulphonamidoindanthrone or diaminoindanthrone for compa- 
rison with the synthetic specimens (IV) or (V) respectively. Ammonolysis 
of (IIA) to give the diamino derivative in the presence of arsenic trioxide 
under pressure proved unsuccessful. Reaction of (IIA) with p-toluene- 
sulphonamide resulted in partial substitution of the chlorine atoms by 
p-toluenesulphonamido groups. 3: 3’-Dichloroindanthrone did not react 
with p-toluenesulphonamide under these conditions. While the synthesis 
of the p-toluenesulphonamido derivative from (IIA) could not be accom- 
plished, the higher reactivity of the chlorine atoms in (ITA) as compared to 
3: 3’-dichloroindanthrone has given further evidence as regards their 
a-orientation in (IIA). - 


Pure chloroinaanthrones were isolated from commercial Caledon Blue 
RC and GCD, Soledon Blue 2RCS and Indanthrene Blue BC and GCD, 
which represent the more important members of the group of commercial 
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chloroindanthrones. The purified dyes were compared with the chloro- 
indanthrones now prepared, the comparison relating to (1) the shade on 
cotton yarn, (2) colour reactions,” 24 (3) fastness to chlorine, (4) chlorine 
content, and (5) stability of chlorine to alkali and sodium hydrosulphite. 


The crystallised dyes isolated from Caledon Blue RC and GCD, 
Soledon Blue 2RCS, and Indanthrene Blue BC analysed for dichloroindan- 
throne (Cl = 13-9%), but purified Indanthrene Blue GCD contained only 
5-8% chlorine (calc. for monochloroindanthrone 7-5%). Although most 
of the properties of the different chlorinated indanthrones were practically 
identical they could nevertheless be distinguished by the different reactivity 
of the chlorine atoms and by the colour reaction recently described by 
Derrett-Smith and Gee.*? 


The chlorine atoms in (IIA) were least stable to treatment with alkaline 
hydrosulphite, while those in the 3: 3’-dichloroindanthrone were most 
stable, all the other chloroindanthrones, occupying intermediate positions 
between these two extremes. The dichloroindanthrone obtained through 
the anthraquinoneazine does not appear to be the 4: 4’-dichloro derivative 
as claimed by Scholl and Berblinger,® being comparable in the stability of 
the chlorine to 3: 3’-dichloroindanthrone. While the greater lability of 


the chlorine atoms in (IIA) in comparison with 3: 3’-dichloroindanthrone 
suggests a-orientation, the test is beset with experimental difficulties and 
for the present can only be regarded as a rough distinction between a- 
and f-orientation of chlorine atoms in indanthrone. 


Derrett-Smith and Gee?! have recently reported a colour reaction, 
involving treatment of the dyed yarn successively with acid permanganate 
and acid hydrogen peroxide, for distinguishing vat dyes such as halogenated 
indanthrones, dibenzanthrones and certain grey and black dyes which could 
not be distinguished by their earlier tests.2° The chlorinated indanthrones 
are oxidised to different. extents to the yellow azine by treatment with the 
potassium permanganate and hydrogen peroxide solutions, and it is possible 
to distinguish them by the colour changes observed in this test. Thus 
Indanthrene Blue RSN, GCD, BC and 3GT, Caledon Blue RN, 3GCT and 
GCPS which give greenish yellow to green colour changes are distinguished 
from Indanthrene Blue GT, BCD and BCS, Indanthrene Brilliant Blue RCL 
and Caledon Blue GCS, GCDS, RCS, BCD, 2R, Caledon Brilliant Blue 
2RC, Soledon Blue 2RC and Alizanthrene Blue RC which give a bluish 
green to greenish blue colour change. On examination of the chlorinated 
indanthrones by this test, it was found that Indanthrene Blue GCD and BC, 
which are dichloroanthrones prepared by the action of chlorine in sulphuric 
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acid,® and dichloroindanthrone prepared by sulphuryl chloride gave a green- 
ish yellow to yellow colour change while Caledon Blue GCD, RC, the 
dichloroindanthrone from Soledon Blue RC and 3: 3’-dichloroindanthrone 
synthesised by us gave greenish blue to bluish green colour changes. The 
resistance to colour changes in 3:3’-dichloroindanthrone in this test is 
probably due to the proximity of chlorine atoms to the imino groups of 
indanthrone which retard oxidation of the latter to the azine. Caledon 
Blue RC, GCD and the parent vat dye from Soledon Blue RC are likewise 
resistant to oxidation and are probably 3:3’-dichloroindanthrone. The 
dichloroindanthrone (IIA) is distinguished from the other dichloroindan- 
thrones obtained by direct chlorination by its similarity to 3: 3’-dichloro- 
indanthrone in this test. It is, however, different from the latter in the 
greater activity of the chlorine atoms which has been referred to earlier. If 
(IIA) is constituted as 4:4’-dichloroindanthrone and the other direct 
chlorinated indanthrones as indanthrones substituted largely in the 5, 8, 
5’, 8’-positions, the similarity of (IIA) to 3:3’-dchloroindanthrones in 
Derrei-Smith and Gee’s test can be readily accounted for, as the substitu- 
tion of chlorine atoms in the 4: 4’-postions should retard the oxidation of 
indanthrone to the azine to a greater extent than substitution in the more 
remote 5, 8, 5’, 8’-positions, although to a less extent than substitution in 
the 3: 3’-positions. The reactivity of the chlorine atoms in (IIA) and the 
other direct chlorinated indanthrones should be of the same order as they 
are all chiefly a-substituted derivatives. 


Further and more conclusive evidence regarding the orientation of 
chlorine in the chlorinated indanthrones is being sought by a study of the 
degradation products** and by a synthesis of 4: 4’-dichloroindanthrone. 


EXPERIMENTAL 


Chlorination of indanthrone with antimony pentachloride—Antimony 
pentachloride (3:2c.c.; 4:4 mols) was added to a suspension of indanthrone 
(2:5g.; 1 mol) in nitrobenzene (20c.c.), and the mixture was boiled for 
15 minutes. After cooling, the mixture was filtered and the residue was 
washed with alcohol and benzene and then treated with hot 1: 1 hydrochloric 
acid to remove residual antimony. The residue was washed with water, 
dried (2-8 g.) and then crystallised from quinoline when blue needles of 
dichloroindanthrone (IIA) were obtained (Found: N, 5-4; Cl, 13-8. 
C.gH,.0,N2Cl, requires N, 5-5; Cl, 13-9%). 


Dichioroindanthrone prepared from Soledon Blue 2RCS, the dichloro- 
indanthrone obtained through the azine which will be described later and 
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(IIA), when further treated with antimony pentachloride as above, remained 
unaffected. 


Chlorination of indanthrone with sulphuryl chloride.—The action of 
sulphuryl chloride on indanthrone under various conditions was studied 
in order to determine the conditions for obtaining dichloroindanthrone. 
It was found that the optimum conditions were to heat a suspension of 
indanthrone (2 g.) in nitrobenzene (15c.c.) with sulphuryl chloride (1 c.c. ; 
2:7 mols) with mechanical agitation for 2 hours. The mixture was cooled, 
filtered and the residue was washed with alcohol and then with water. Since 
the chloroindanthrone was partly oxidised to the azine it was treated with 
a solution of sodium hydrosulphite, filtered, washed and dried. Crystallisa- 
tion from high boiling pyridine bases (b. p. 235-245°) gave dichloroindan- 
throne as blue needles (Found: Cl, 14:0. C,,H,.0,N.Cl, requires Cl, 
13-9%.) The dichloroindanthrone was similar to (IIA) in its properties and 
colour reactions although there were certain minor differences which will be 
described lajer. When the molar proportion of sulphuryl chloride was 
increased to 3-2 and 3-8 mols., the chlorine content of the product 
increased to 15:9 and 16-9% irespectively; trichlorindanthrone requires 
Cl, 19-5%). 


Action of hydrochloric acid on anthraquinoneazine.—Indanthrone (5 g.) 
was treated with potassium nitrate (4-5 g.) and concentrated sulphuric acid 
(41c.c.) for 75 minutes and then diluted with acetic acid 
(166c.c.) at 0°. The precipitated golden yellow anthraquinoneazine was 
washed successively with glacial acetic acid, 5% caustic soda solution and 
water. The azine (4-5 g.) was boiled with concentrated hydrochloric acid 
(50c.c.) for 6 hours, during which the yellow azine changed to the blue 
chloroindanthrone. The chloroindanthrone obtained was washed free from 
hydrochloric acid and dried (4-5 g.) (Found: Cl, 3-7. C.gsH;30,NeCl and 
C.sH,2O,N2Cl, require Cl, 7:5 and 13-9% respectively). The chloro- 
indanthrone was again subjected to the above treatment when the chlorine 
content increased to 8%. A third treatment gave a product containing 
12:3% chlorine which, on further treatment, gave dichloroindanthrone 
crystallising from high boiling pyridine bases as blue needles (Found: N, 
5-4; Cl, 13-8. CysH,.O,N.Cl, requires N, 5-5; Cl, 13-9%.) 


1-Chloro-2-aminoanthraquinone.—A solution of sulphuryl chloride (1-2 
c.c.) in nitrobenzene (25 c.c.) was added dropwise during 4 hours to a boiling 
solution of 2-aminoanthraquinone (2g.) and anhydrous sodium acetate 
(0-9 g.) in nitrobenzene (I5c.c.). After further boiling under reflux for 
1 hour the mixture was worked up as usual, The crude product (2-3 g,), 
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m.p. 225°, when crystallised from alcohol, gave orange needles of 1-Chloro-2- 
aminoanthraquinone (VI), m.p. 237-238°, undepressed when mixed with a 
specimen (m.p. 236-38°) prepared by hydrolysis of 1-chloro-2-acetamido- 
anthraquinone (VII) (m.p. 240-42°) obtained by the chlorination of 2-aceta- 
minoanthraquinone.’* The acetyl derivative, m.p. 241-242°, prepared from 
(VI) was identical with (VII). 


1-Chloro-3-bromo-2-aminoanthraquinone.—A solution of bromine (1-2 
c.c.) in glacial acetic acid (10c.c.) was added gradually to a solution of 
1-chloro-2-aminoanthraquinone (2 g.) in acetic acid (100 c.c.) at room tempe- 
rature under stirring. After addition of more glacial acetic acid (50c.c.), 
the mixture was boiled under reflux for 2 hours. The crystalline compound 
(2°35 g.), which separated on cooling the mixture to 0°, was recrystallised 
from glacial acetic acid when 1-chloro-3-bromo-2-aminoanthraquinone 
separated in yellowish brown needles, m.p. 238° (Found: N, 4:0; Cl, 
10-4; Br, 23-9. C,,H,O,NCIBr requires N, 4:2; Cl, 10-6; Br, 23-8%%), 
A solution of the amine (2g.) in acetic anhydride (10 c.c.) was acidified with 
a drop of concentrated sulphuric acid, vigorously shaken for 15 minutes 
and then diluted with water. The product after crystallisation from alcohol 
gave 1-chloro-3-bromo-2-acetamidoanthraquinone as shining yellow plates, 
m.p. 185-186° (Found: Cl, 9:5; Br, 20:8. CjgH,O;NCIBr requires Cl, 
9-4; Br, 21-0). : 


3 : 3’-Dibromoindanthrone.—1-Chloro-3-bromo-2 - amino - anthraquinone 
(1-7 g.), anhydrous sodium acetate (0-5g.), anhydrous copper sulphate 
(0-1 g.) and nitrobenzene (20c.c.) were boiled under reflux for 4 hours, 
After cooling, the mixture was filtered, washed with nitrobenzene, alcohol 
and hot water and dried (0-9g.). On crystallisation from high boiling 
pyridine bases (b.p. 235-245°), 3:3’-dibromoindanthrone separated as 
lustrous blue needles with a copper reflex. 


1: 3: 4-Trichloro-2-aminoanthraquinone.—Dry chlorine was _ passed 
through a suspension of 2-aminoanthraquinone (15g.) in nitrobenzene 
(40 c.c.) at room temperature under vigorous stirring for 3 hours. The amine 
gradually dissolved and the golden yellow solution obtained was steam dis- 
tilled to remove nitrobenzene and the residue obtained was dried and washed 
with ether. The product (6-6 g.) was crystallised from glacial acetic acid 
when 1:3: 4-trichloro-2-aminoanthraquinone separated as pale yellow 
needles, m.p. 216° (Found: N, 4:3; Cl, 32-6. C,,HsO,NCI, requires N, 
4-2; Cl, 32:5%). The amine (2g.) when boiled with acetic anhydride 
(10c.c.) for 2 hours gave 1: 3: 4-trichloro-2-acetamidoanthraquinone which 
crystallised from glacial acetic acid in pale yellow needles, m.p. 263° (Found; 
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N, 3:7; Cl, 29-0. C,gHgO,NCI requires N, 3-8; Cl, 28-9%.) Self-condensa- 
tion of the trichloroaminoanthraquinone gave noncrystallisable brown dye 
containing 12-5 per cent. chlorine as against the required value of 24-5 per 
cent. for tetrachloroindanthrone. 


3: 3’-Dichloroindanthrone.—1 : 3-Dichloro-2-aminoanthraquinone® (2 g.), 
anhydrous sodium acetate (1 g.), anhydrous copper sulphate (20 mg.) and 
nitrobenzene (15 c.c.) were boiled together for 24 hours. The mixture was 
cooled, filtered, and the residue was washed successively with boiling glacial! 
acetic acid, alcohol and water. The product (0-4 g.) on crystallisation from 
high boiling pyridine bases gave blue needles of 3: 3’-dichloroindanthrone 
(Found: N, 5-6; Cl, 13-8. C,gH,;.0,N.Cl, requires N, 5-5; Cl, 13-9%). 


2: 5-Dichlorophenylphthalamic acid.—2:5-Dichloroacetanilide (2g., 1 
mol) and phthalic anhydride (1-5 g., 1 mol) were added to a molten mixture 
of anhydrous aluminium chloride (10g.) and sodium chloride (3 g.). The 
reaction mixture was heated for one hour under stirring at 180°, Cooled, 
mixed with dilute hydrochloric acid and then filtered. The residue was 
extracted with 5% sodium hydroxide solution and the extract on acidification 
gave 2:5-dichloro-phenylphthalamic acid as a white precipitate. On 
crystallisation from dilute alcohol, colourless needles, m.p. 169° were obtained 
(Found: N, 4:4; Cl, 23-1. Acid equivalent, 312. C,;H,ONCI,-CO,H 


requires N, 4:5; Cl, 22-9%. Acid equivalent, 310). On hydrolysis with 
concentrated sulphuric acid at 100° phthalic acid was obtained. 


2: 4-Dichloro-\-aminoanthraquinone.—({1) Dry chlorine prepared from 
potassium permanganate (2 g.) and concentrated hydrochloric acid (20c.c.) 
was passed at a moderate rate through a suspension of 2-bromo-1l-amino- 
anthraquinone” in glacial acetic acid (100c.c.) kept vigorously stirred at 
100°. As a test portion contained insufficient halogen, the mixture was 
further treated with the same amount of chlorine under similar conditions. 
The reaction mixture was poured into water and the precipitate was collected, 
washed, dried and crystallised from alcohol, when reddish brown needles 
of 2:4-dichloro-l-aminoanthraquinone were obtained, m.p. 205°. 
Guhelmann et al."* give m.p. 205-6° (Found: N, 4-9; Cl, 24-2. Calculated 
for C,4H,O,NCl, N, 4-8; Cl, 24-3%). 


(2) Dry chlorine from potassium permanganate (10g.) and concen- 
trated hydrochloric acid (75c.c.) was passed in a suspension of 1l-amino- 
anthraquinone (13-5 g.) in glacial acetic acid (140 c.c.) at such a rate that the 
reaction was completed in 3 hours. During the reaction the mixture was 
kept well agitated and the temperature was maintained at 100°. The reaction 
mixture was finally boiled for a short time and then cooled to 0°, The 
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product which separated was washed with a little acetic acid and dried, 
m.p. 202° (15 g.). The mother liquor on concentration gave a second crop 
of the product (1g.). On recrystallisation from alcohol reddish brown 
needles of 2: 4-dichloro-l-aminoanthraquinone were obtained, m.p. 205°. 


A solution of 2:4-dichloro-l-aminoanthraquinone (2g.) in acetic 
anhydride (30c.c.) and concentrated sulphuric acid (2 drops) was vigo- 
rously shaken for 30 minutes and then diluted with water, when the acetyl 
derivative was obtained. Crystallisation from glacial acetic gave orange 
needles which did not melt upto 360° (Found: N, 4-3; Cl, 21-2. 
CisH,O,NCl, requires N, 4-2; Cl, 21-3%). 


2: 4-Dichloro-\-benzamidoanthraquinone.—The amine (2 g.) was dissolved 
in benzoyl chloride (10 c.c.) and at 100° the solution was acidified with two 
drops of concentrated sulphuric acid. After agitation for 30 minutes, the 
benzoyl derivative was obtained on dilution with water, and it crystallised 
from solvent naphtha in yellow needles, m.p. 217° (Found: N, 3-4; Cl, 
17-8. C,H1O;NCI, requires N, 3-5; Cl, 17-9%). The red alkali-hydro- 
sulphite vat had practically no affinity for cotton. 


2: 4-Dichloroanthraquinone-\|-azo-B - naphthol.—2: 4 - Dichloro-1 - amino- 
anthraquinone (1-5 g.) was dissolved in glacial acetic acid (50c.c.) and con- 
centrated hydrochloric acid (1¢c.c.) was added and the mixture was boiled 
for a few minutes. After cooling to room temperature, sodium nitrite 
(0-4 g.) was added and the mixture was left for 15 minutes and then coupled 
with an alkaline solution of B-naphthol (0-9 g.) below 25°. After leaving 
overnight the azo dye was filtered, precipitated from concentrated sulphuric 
acid and finally crystallised from pyridine, when reddish brown needles were 
obtained, m.p. 241° (Found: N, 6-1. Cl, 15-7. C,,H,,O;N;,Cl, requires 
N, 6-3; Cl, 15-9%). 


2-Chloro-\-amino-4-(-p-toluidino)-anthraquinone.—2 : 4-Dichloro-1-amino- 
anthraquinone (3-0g., 1 mol), p-toluidine (5 g.; 5 mols), anhydrous sodium 
acetate (1 g.), anhydrous copper sulphate (50 mg.), precipitated copper (50 
mg.) and amyl alcohol (30 c.c.) were boiled under reflux for 7 hours, and the 
mixture was worked up as usual. The crude product (2:9g.; yield 81%), 
m.p. 231-33°, crystallised from solvent naphtha in violet plates, m.p. 238-39°. 


2-Chloro-\-amino-4-anilinoanthraquinone.—2: 4-Dichloro-1-aminoanthra- 
quinone (1-45g.), aniline (2:3c.c.), anhydrous sodium acetate (0-5 g.), 
anhydrous copper sulphate (50 mg.), precipitated copper (50 mg.) and amyl 
alcohol (30 c.c.) when boiled under reflux for 10 hours gave the anilino deriva- 
tive which crystallised from solvent naphtha in reddish blue plates, m.p. 
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232-33° (Found: N, 8:1; Cl, 10-3. CxoH,,;0,N.Cl requires N, 8:0; Cl, 
10°2%). 

4-Chloro-2-bromo-\-aminoanthraquinone—A solution of bromine (1-2 
c.c.; 1 mol) in glacial acetic acid (10c.c.) was gradually added to a solution 
of 4-chloro-l-aminoanthraquinone (5g.; 1 mol) in acetic acid (100c.c.) 
at room temperature with mechanical agitation. The mixture was boiled 
under reflux for 2 hours and then cooled to 0°. The product which separated 
(6-1 g.) was recrystallised from glacial acetic acid when the bromo derivative 
separated as red needles, m.p. 209° (Found: N, 4:0; Cl, 10-5; Br, 24:0. 
C,,H,O,NCI requires N, 4-2; Cl, 10-6; Br, 23-8%). A solution of the 
compound (1-5 g.) in benzoyl chloride (10¢c.c.) when treated with a drop 
of concentrated sulphuric acid at 100° and agitated for 15 minutes gave the 
benzoyl derivative which crystallised from solvent naphtha in pale yellow 
needles, m.p. 228° (Found: N, 3-0; Cl, 8-2; Br, 18-0. C,;H,,O,;NCIBr 
requires N, 3-2; Cl, 8-1; Br, 18-2). The benzoyl derivative gave a red 
alkaline hydrosulphite vat which had very little substantivity for cotton. 


4-Chloro-|-benzamidoanthraquinone.—4-Chloro - 1 - aminoanthraquinone 
was benzoylated in the presence of sulphuric acid. The benzoyl derivative 
crystallised in golden yellow needles from solvent naphtha, m.p. 240° (Found: 
N, 3-7, Cl, 9°7. C.,;H,,O,NCI requires N, 3-9; Cl, 9-8). 


4: 4’-di-p-toluenesulphonamidoindanthrone (IV).—2-Bromo-1-amino-4-p- 
toluenesulphonamidoanthraquinone (2-81 g.), prepared according to Ullmann 
and Eiser,’” fused sodium acetate (0-6 g.), anhydrous copper sulphate (0-12 g.) 
and nitrobenzene (40 c.c.) were boiled under reflux for 48 hours. The mixture 
was filtered while hot and then washed successively with nitrobenzene, 
boiling toluene, benzene and finally with methyl alcohol. The residue was 
extracted with hot water, leaving 4: 4’-di-p-toluenesulphonamidoindanthrone 
as dark greenish blue needles possessing a reddish blue lustre (1-76 g.; yield 
76%) (Found: N, 7:0%. CysHesOsN,S2 requires N, 7-2%). The compound 
gave a pale blue shade on cotton from a blue alkaline hydrosulphite vat which 
was only partly exhausted at the end of 45 minutes of dyeing. When the 
compound (1-4 g.) was treated with concentrated sulphuric acid (25c.c.) 
at 50° for 3 hours it gave 4: 4’-diaminoindanthrone as a greenish blue precipi- 
tate which dyed a bluish green shade on cotton. The latter, however, con- 
tained only 10°3% nitrogen as against 11-99% required for diaminoindan- 
throne indicating a loss of nitrogen during the hydrolysis of the p-toluene- 
sulphonamido derivative. 


4: 4’-Diaminoindanthrone.8—A mixture of 2-bromo-1 : 4-diaminoanthra- 
quinone”” (1-0g.), copper bronze (0-1 g.), fused sodium acetate (0-5 g.) 
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and nitrobenzene (8-4 c.c.) was vigorously boiled under reflux for 6 hours 
at 230-240°. The mixture was filtered while hot and the residue was extracted 
repeatedly with boiling toluene till the filtrate was nearly colourless. The 
residue was washed with methyl alcohol with water and then boiled with 
concentrated hydrochloric acid. It was washed free from acid and dried, 
when 4: 4’-diaminoindanthrone was obtained as an olive black product 
(0-62 g.) giving a bluish green shade on cotton (Found: N, 11:9. 
C.gH.O,N, requires N, 11-:9%). On treatment with concentrated sulphuric 
acid at 50-60° for 3 hours the nitrogen content of the product decreased to 
9-2%. 

Purification of commercial chloroindanthrones.—The general method 
of purification was to remove water-soluble diluents (mainly sodium 
bicarbonate), then boil with 5% hydrochloric acid wash and crystallise from 
high boiling pyridine bases, when the pure dye usually separated as blue 
needles. Soledon Blue 2RCS was oxidised with hydrochloric acid and 
sodium nitrite to dichloroindanthrone which was then purified by crystallisa- 
tion. Estimation of sulphuric acid liberated by hydrolysis indicated the 
dye to be the sodium salt of the tetrasulphuric ester of dichlorotetrahydro- 
indanthrone. 


Comparison of chloroindanthrones.—The pure chloroindanthrones iso- 
lated from the commercial dyes and the pure dyes now prepared were com- 
pared with regard to the properties mentioned earlier, as well as the follow- 
ing, and the results are summarised in Table I. 


TABLE I 
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Colour reactions —The colour reactions described by Bradley and 
Derrett-Smith2® and Derrett-Smith and Gee?! for the characterisation of 
vat dyes were examined (Table 1). 


Stability of the chlorine in the dyes.—The pure, finely powdered dye 
(0:5 g.) was treated with a solution of sodium hydroxide (3-0 g.) and sodium 
hydrosulphite (2-5 g.) in water (250 c.c.) at 60-65° for 3 hours. After cooling, 
the dye was recovered by air-oxidation, washed till free from chlorides and 
sulphates, dried and its chlorine content was then determined. 


We are indebted to the Council of Scientific and Industrial Research 
under whose auspices part of the work was carried out, the Imperial Chemical 
Industries, Ltd., for gifts of chemicals and Mr. T. S. Gore for some of the 
microanalyses recorded in the paper. 


SUMMARY 


Attempts to determine the orientation of the chlorine atoms in some of 
the commercial chlorinated indanthrones and in the dichloroindanthrones 
prepared by the action of antimony pentachloride and sulphuryl chloride 
on indanthrone and by the action of hydrochloric acid on anthraquinone- 
azine are described. The higher reactivity of the chlorine atoms in the 
direct chlorinated indanthrones suggests a-orientation. The dichloro- 
indanthrone (IIA) from antimony pentachloride is distinguished from the 
other chloroindanthrones obtained by direct chlorination by its greater 
resistance to azine formation on treatment with oxidising agents. The 
4: 4’-orientation is, therefore, suggested for the chlorine atoms in (IIA), 
and substitution in the 5, 8, 5’, 8’ positions in the other direct chlorinated 
indanthrones. Antimony pentachloride was found to be specific in intro- 
ducing two chlorine atoms in indanthrone. 4: 4’-Di-p-toluenesulphonamido- 
indanthrone (LV) has been synthesised. 


2: 4-Dichloro-1-aminoanthraquinone has been prepared by an improved 
method and its utility as a dyestuff intermediate has been studied. A few 
other halogenated aminoanthraquinones and their acyl dervatives whick 
do not appear to have been described in literature have been synthesised. 
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Names of authors are to be marked in pencil on the left-hand corner of drawing 
sheets. Photomicrographs should be securely mounted with colourless paste. 

All tables, quotations and footnotes which will be set hereafter (beginning 
from Vol. I, No. 2) in types smaller than the text, should be typewritten on sepa- 
rate sheets and placed with the text in proper sequence. Footnotes should be 
numbered in Arabic numerals. 

References to literature in the text should be given, whenever possible, in 
chronological order, only the names of authors and years of publication, in 
brackets, being given. They should be cited in full after the summary, the 
authors’ names following in alphabetical order. Thus, 

Name or Names of author; Name of Journal (abbreviation) with a single 
underline; Year of publication; Number of Volume with a double underline, and 
lastly page. The following would be a useful illustration :— 

Bergmann and Stather Z. Physiol. Chem., 1926, 152, 189. 


Two copies of slip-proof and wherever possible, a page proof for fina) 
revision will be sent to authors. All corrections are best made on the slip-proof 
which should be transmitted to the Office of the Academy. All proof corrections 
involve heavy expenses which would be negligible if the papers are carefully 
revised by the authors before submission. 

Authors will be supplied with reprints of their papers at cost price, 
intimation is given at the time of returning the slip-proof. 

All the blocks printed in the Proceedings will be offered to the respective 
authors at a price of 25% of the actual cost of preparing the blocks plus the 
packing and postal charges or railway freight to be incurred for despatching them, 
it being understood that authors should give due acknowledgment to the Academy 
whenever such blocks are reproduced in other journals. 

The original drawings and plates of blocks appearing in the Proceedings 
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despatching such originals is borne by them. 








CONTENTS 


A New Synthesis of 4-Hydroxycoumarins 
. NiTy ANAND AND K. VENKATARAMAN 
6:7-Benzocoumaranone . . . NITY ANAND AND K. VENKATARAMAN 
Umbilical Projection in Four Dimensional Space S,. 
. SAHIB Ram MANDAN 
A Note on the Aromatic Principle of _—,, indica(Burm. f.) 
ee ae ape ag Pnemrere: 


Interaction of Nitrogen and Sulphur under Silent Electrical 
Discharge: Production of a Reverse Change . 


G. S. DESHMUKH AND S. SIRSIKAR 
Elastic Behaviour of Quartzite oe Fused Quartz 
: R. ¥.G. SUNDARA Rao 
Constitution of Oroxylin-a and Synthesis of its Diethyl-Ether 
L. RAMACHANDRA RAO, V. D. NAGESWARA SAstRy, T. R. SESHADRI 
‘ AND T. R. THIRUVENGADAM 
A New Effect of lind Bond Formation (Chelation.) Part II. 
Constitution of Despedicellin, Dihydropedicinin and Isopedicin 
. G.S. KRrisHNA RAO, K. VISWESWARA RAO AND T. R. SESHADRI 
Nuclear Oxidation in Flavones and Related Compounds. Part XVI. 
A New en of Myricetin 
pes K. VisWESWARA Rao AND T. R. SESHADRI 
Studies in Colloid hse Part I. The Sol-Gel Transformation of 
ee ee rere 
Anthraquinone Series. Part II. Halogenated ere 
and Indanthrones . 


eG BEDEKAR, B. ‘D. ‘Toa pon K. VENKATARAMAN 











